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ABSTRACT
Seshadri, Priya Ph.D., Purdue University, August 2018. Enhancing User Experience:
A Multifaceted Approach to Designing Better User Experiences Using Compassionate Design Thinking, Socially Conscious Design and Psychophysiological Measures.
Major Professor: Tahira N. Reid, School of Mechanical Engineering.
The goal of this research is to help in creation of better user experience (UX)
by enabling engineers and designers to get a deeper understanding of the users by
focusing on the users’ needs, emotions, experiences and social issues. The main
research question that guides this work is: How can engineers and designers better
understand their users to create designs that aim at enhancing user experiences?
Understanding the users and UX has many facets and dimensions. The users make
decisions based on emotions and experiences, which also determine the value they
associate with a design. Experiences are related to the fulﬁllment of needs, and needs
and ‘aﬀect’ are interrelated. This research mainly focuses on better understanding
two facets of the user: (1)their needs and (2)their feedback by measuring ‘aﬀect’.
Compassionate Design Thinking and Socially Conscious Design help the engineers
and designers to understand user needs, related to each individual and also related
to the society on a larger scale. Compassionate design thinking addresses niche needs
and involves a way of thinking where engineers and designers pay special attention to
the users’ sense of dignity, empowerment and sense of security. Twelve case studies
including products and services were iteratively analyzed using interpretive content
analysis to develop the framework of compassionate design thinking: dignity, empowerment and sense of security. In addition to focusing on niche user needs, needs
related to social issues also inﬂuence experiences. Socially conscious design focuses
on identifying key ideas at the intersection of human social issues and design needs
and including these ideas in design education of future engineers. Fifteen experts
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participated in a study using the Delphi technique to identify these key ideas and
ways of teaching them. The study revealed that teaching the concepts of ‘social
responsibility’, ‘seeing the world from diﬀerent perspectives’ and ‘engaging with multiple stakeholders’ to the students is very important. The experts participated in
interviews after the Delphi study and addressed the aforementioned ideas from their
unique vantage points based on their backgrounds and experiences.
While some needs can be assessed directly, ‘feedback’ is another way of indirectly
assessing needs, as feedback may indicate if a need is fulﬁlled or not. There are
many ways of gathering user feedback, like surveys and interviews. This research
work explores the use of psychophysiological and behavioral measures in better understanding non-verbal and unarticulated feedback from the users. This also helps us
to better understand the ‘aﬀect’ and emotions of the users. Exploratory studies were
conducted to study the use of psychophysiological and behavioral measures like eye
tracking, Galvanic Skin Response (GSR), facial expression recognition and Electroencephalography (EEG) in assessing ‘aﬀect’. Eye tracking yielded the most conclusive
results of all the measures that were used. The GSR and facial expression data did not
reveal any strong conclusive results due to a weak elicitation of emotional response
from the users. This could be due to the simple representation of the stimuli and
low risk involved in the study. A more real experience is likely to generate a stronger
reaction. Testing these measures with stimuli of diﬀerent ﬁdelity (like virtual reality)
will help in assessing the eﬀectiveness of psychophysiological and behavioral measures
to understand user feedback.
Designing elegant solutions that enhance user experiences is the result of a holistic
understanding of the user and, compassionate design thinking, socially conscious
design and use of psychophysiological and behavioral measures help the engineers
and designers to take another step to better understand the user.
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1. INTRODUCTION
A good understanding of subjective user experiences will help engineers and designers
to create products and services that improve quality of life [1]. However, engineers
and designers do not always design products that provide good or positive user experiences. There are many examples that show that a design was ‘functional’ but did
not provide a good experience. For example, a radiation mask used by patients of
cancer therapy is designed so that the person’s head will not move, but it looks very
intimidating or scary, especially for someone who is already undergoing stress and
trauma. As mentioned in an article on npr.org, “The mask is made out of a kind of
white plastic mesh that forms to a patient’s face. It’s see-through, but it looks almost
human, like a ghostly person frozen in place” [2]. Another example is bumpers used
in baby cribs. These bumpers were originally designed to prevent the limbs of the
baby from getting stuck between the slats, but many babies have died due to these
bumpers. They were suﬀocated as their noses and mouths were caught between the
bumper and the crib mattress or were covered by the bumper. An article from cbsnews.com states, “Bumper-related injuries were mostly caused by poor design. For
example, near-suﬀocations occurred because there were no bottom ties, or not enough
of them, which allowed the babies’ faces to get trapped in the bumpers” [3].
These examples illustrate that even though the designs served their ‘main’ purpose, the experience was negative and so the user may not associate high value with
them. The value perceived is highly dependent on the users’ experiences [4–6]. Product buying decisions are also based on the value that people associate with products [7, 8]. Creating designs that provide better UX and hence are perceived to be of
higher value will not only contribute to improving quality of life but may also be of
economic value to the company.“People value products on the basis of how it satisﬁes
needs in particular situations” [9].
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The goal of this research is to help engineers develop a mindset where they can
think inherently about the user while doing design and without being prompted to do
so. This work focuses on creating resources to better equip engineers/designers with
tools and education that can enhance their understanding of the users, their needs,
emotions and experiences.
The main research question that guides this work is:
How can engineers and designers better understand their users to create
designs that aim at enhancing user experiences?
Better or more positive UX has to be designed into a product and the context
associated with it [10, 11]. Typically, UX designers and engineers work on creating
better user experiences. This is informed by how well they understand their users [12].
Understanding the users and UX has many facets and dimensions [13]. The users
make decisions based on emotions [14–16] and experience [15], which also determines
the value they associate with a design. Understanding user needs and emotions that
aﬀect UX has been addressed in this work.
Figure 1.1 shows the key stages of a design process and two points of entry where
user input may be utilized. The ‘problem framing’ stage includes an understanding of
the needs of the users. In other stages of design, feedback from the customer provides
more insight on their assessment of designed products. Better understanding of the
users includes a better understanding of the users’ needs and feedback. The next
section presents background on understanding these aspects and also introduces the
various projects outlining their relevance to the overall research question.
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Figure 1.1. User involvement in 2 stages of the design process.

1.1

Background
Being such a “dynamic, context–dependent, and subjective” [17] ﬁeld, there is

no “common agreement on the nature and scope of UX” [17]. According to ISO
[18], UX is deﬁned as “A person’s perceptions and responses that result from the
use or anticipated use of a product, system or service” [18]. Based on the work of
other researchers [19–21], Hassenzahl et al. [22] suggest that it is apparent that“need
fulﬁllment leads to a positive experience” [22].
To holistically understand the users and their needs, it is imperative that the
engineer/designer understands the latent or unarticulated needs of the user [23–26],
so they can design solutions to fulﬁll these needs. Even though the user may or
may not realize this intangible [27], latent [23, 28] or unarticulated (tacit) [23, 24]
need, when addressed, it will create a better UX and thus help them associate more
value with the design. There are various design methods and ways to assess such
latent and unarticulated needs [24,28,29]. Some of these are empathic design [24,28],
user-centered design [30, 31] and human-centered design [32, 33]. But none of them
speciﬁcally place emphasis on directing the designer/engineer to focus on sensitive
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user needs like dignity, empowerment and perception of safety. The development of
‘Compassionate Design Thinking’ will help the designer/engineer to focus on these
speciﬁc user needs. It is also intended to provide the designer/engineer with tools
that can be used to probe their thoughts in reference to these user needs and also
provide them motivation and inspiration to help the user and in turn improve UX. In
this work, the term ‘sensitive needs’ means needs that are pertinent to contexts that
have a high level of emotional engagement of the user and the term ‘sensitize’ means
make someone more aware and conscious.
Another aspect of understanding the user needs is that the solutions that address
these needs should be created with the realization that they will have a broader
societal impact [8]. The solutions or designs aﬀect human behavior and play a role in
shaping human life [8]. Users interact with a design and associate various emotions,
cultural and physical contexts with it in addition to their needs [34]. There may
be needs that arise due to larger social issues as the society interacts with a design
or deals with a problem. Design anthropology [35, 36] and human centered design
address these needs but more information is required to understand this intersection
between human social issues and design needs and its importance, especially while
designing solutions. This intersection may include ideas like social responsibility,
social impact, environmental impact and other aspects that aﬀect the UX from a
social perspective. In order to understand this intersection between human social
issues and design needs, an extensive study on ‘Socially Conscious Design’ has been
conducted. Experts who were identiﬁed through their exemplary work participated
in this study to identify the key aspects of the intersection and importance of human
social issues and design needs. These key ideas will be potentially included in the
curriculum of an engineering design course for undergraduate students.
Hassenzahl et al. [22] have studied needs, aﬀect and interactive products as the
facets of user experience. They emphasize that experiences are related to the primary
need that they fulﬁll and that there is a relationship between need and aﬀect. This
suggests that experience, need fulﬁllment and aﬀect are interrelated. Aﬀect is gener-
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ally used in context of feeling and emotion but there is a diﬀerence between aﬀect and
core aﬀect. According to Duncan and Barrett [37], “The word “aﬀect” is generally
used to refer to any state that represents how an object or situation impacts a person.
The term “core aﬀect” has been recently introduced to refer to a basic, psychologically
primitive state that can be described by two psychological properties: hedonic valence
(pleasure/displeasure) and arousal (activation/sleepy)” [37]. Aﬀect is inﬂuenced by
cognition and vice versa [37], and also inﬂuences experience of emotion [38].
While user needs can be better understood by incorporating the ideas from Compassionate Design Thinking and Socially Conscious Design, it would also be beneﬁcial to understand the emotions of the users as they also aﬀect their UX [39–42].
In order to understand emotional and unarticulated feedback of the users, various
psychophysiological measures and self-report tools can be used [43]. As deﬁned by
Andreassi, “Psychophysiology is the study of relations between psychological manipulations and resulting physiological responses, measured in the living organism, to
promote understanding of the relation between mental and bodily processes” [44].
Some of the psychophysiological and behavioral measures include Electroencephalography (EEG), eye-tracking, Galvanic Skin Response (GSR) and Facial Expression
Recognition. When we have a better understanding of the physiological response of
the customers, it can help us understand their emotional reactions. These emotional
reactions guide the decisions they make. Core aﬀect inﬂuences the decision making
process [38, 45, 46]. All these aspects also inﬂuence the UX and the value that the
users associate with a design. Exploring the use of psychophysiological and behavioral measures to enhance UX has been preliminarily explored. The broader goal are
to understand which tools or stimuli may be useful or pertinent to collecting such
information from the users. Hence, a set of smaller studies have been done to explore
these measures.
Research questions are presented in the next section.
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1.2

Research Questions
The main research question that guides this work is:

How can engineers and designers better understand their users to create
designs that aim at enhancing user experiences?
Speciﬁcally, this work will focus on inﬂuencing two phases of the design process:
• Identiﬁcation of user needs
– What is Compassionate Design Thinking and how has it been developed?
– What are the core ideas of Compassionate Design Thinking that help in
understanding sensitive needs of the user?
– How does personal experience inﬂuence identiﬁcation of needs related to
Compassionate Design Thinking in the problem framing phase of design?
– What are the main themes that deﬁne the intersection of human social
issues and design needs?
– How can these themes, collectively called Socially Conscious Design, help
to educate future engineers?
• Assessment of user feedback
– What psychophysiological and behavioral measures are useful in understanding user feedback?
These are brieﬂy explained below.
User needs are ascertained by using various design methods. This work focuses of
sensitive needs and needs that aﬀect a larger group. The sensitive needs of the user
are needs that surface in situations that have a high level of emotional engagement.
An example is a need to ‘be treated with dignity’ or ‘not feel embarrassed’ in a
stigmatizing situation. Another example is a need to ‘feel safe’ when undergoing a
medical treatment or walking in a desolate area. Compassionate Design Thinking has
helped to identify some of these needs.
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Needs at the intersection of human social issues and design may not be individual
needs but those that aﬀect a larger group, like considering the impact of a product or
technology on a generation of people or on the environment. They may have a larger
impact on the use of a product or service by the society as a whole. These have been
considered under Socially Conscious Design.
The assessment of user feedback extends to exploring the unarticulated user feedback beyond self-reported information on likert scale surveys and interviews. Psychophysiological and behavioral measures have been used to capture the natural reaction of the users to the various stimuli presented to them [47–50].
The next section presents an overview of the these projects and how they inﬂuence
the ﬁeld of UX.

1.3

Overview of the Projects and Organization of the Dissertation
The overarching motivation of the work presented in this dissertation is to en-

hance the ﬁeld of UX by augmenting it with design approaches and tools that help to
promote a deeper understanding of the user. This has been achieved by fortifying the
approaches for ascertaining user needs and user feedback to better understand the
users. Extensive and in depth analyses using a combination of qualitative and quantitative approaches have been done to establish design approaches like CDT and SCD
to focus on user needs, while using psychophysiological and behavioral measures to
augment the understanding of unarticulated user feedback has been explored through
preliminary studies.
As indicated in the ‘Background’ section, needs, aﬀect and experiences are related
and can be approached as diﬀerent facets of UX. Each of the projects mentioned
above, CDT, SCD and use of psychophysiological measures will enhance user experience by addressing needs and aﬀect as shown in Figure 1.2.
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Figure 1.2. Enhancing UX by deepening an understanding of the user by
focusing on their niche needs and emotions.

The research questions address diﬀerent areas of the design process, mainly a
better understanding of the needs of the user and also the emotional feedback gathered
from the user. Assessing the user needs is an integral part of the ‘problem framing’
phase of the design process [51, 52]. Similarly, gathering user feedback is also an
important part of the ‘testing’ phase of the design process. Figure 1.3 represents
how the projects align with the design process. The ﬁrst step in the design process
is framing the problem. Assessment of user needs goes hand in hand with problem
framing [51, 52]. After framing the problem, the next step is concept formation or
ideation followed by prototyping. During this phase, when the prototype is tested,
user feedback is sought. User feedback can be related to the aﬀective state of the
person or the emotions of the person who is the user [40–42].
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Figure 1.3. This work focuses on the user needs and user emotions to
enhance the understanding of the engineer and designer.

The research done so far has focused in depth on impacting the early stages
in a design process where user needs are assessed and explored the initial steps in
improving emotional content in user feedback by doing preliminary studies. This
dissertation will focus in depth on the research and development of Compassionate
Design Thinking and establishing its framework from the case studies. Next, the
development of Socially Conscious Design will be explained followed by the results
from exploratory studies for better assessment of user feedback.
Chapter 2 will explain Compassionate Design Thinking in detail. Chapter 3 will
focus on an exploratory study that was done to examine the role of experience in
problem framing, especially identiﬁcation of needs related to Compassionate Design
Thinking. The evolution and implementation of Socially Conscious Design will be
covered in chapter 4. Results from preliminary studies done to explore which psychophysiological and behavioral measures are useful to understand user feedback will
be explained in chapter 5. Chapter 6 will conclude the dissertation, summarizing
the research ﬁndings in light of the research questions and will also present potential
directions for future work.
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A lot of content presented in the various chapters of this dissertation has either
been presented and published in conferences and journals or is due for publication.
Some sections of these papers and articles have been written together with collaborators on the various research projects and I would like to acknowledge them for their
contributions.
Each of these projects is interdisciplinary. Even though the main goal is to inﬂuence designers, engineers and engineering curriculum, it is noteworthy that interdisciplinary collaborations strengthen this research work. The development of ‘Compassionate Design Thinking included collaboration between the Schools of Mechanical
Engineering and Engineering Education. The project on ‘Socially Conscious Design is
being conducted in collaboration with the Department of Anthropology. The project
on ‘ Exploring Psychophysiological and Behavioral Measures to Understand User
Feedback was conducted in collaboration with the Automotive Industry and utilizes
tools from the ﬁeld of Psychology. These interdisciplinary collaborations enhance the
engineering discipline by providing more depth [53] and breadth to it. This is also
in line with ASMEs Vision 2030 for the future of Mechanical Engineering, which encourages interdisciplinary solutions to engineering problems [54]. The document also
states that over 90% of the engineers who responded to a survey conducted as a part
of the ASME 2028 Global Summit indicated that they expect to work on interdisciplinary projects and coordinate many disciplines to complete complex projects [54].
Hence, such interdisciplinary skills may be very valuable to the graduating engineers.
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2. COMPASSIONATE DESIGN THINKING: FRAMEWORK
DEVELOPMENT
2.1

Introduction
Designers and engineers (henceforth referred to as designers for the rest of this

chapter) have long recognized the need to create products and systems that meet
the functional needs of end users. However, many researchers have gone beyond
focusing solely on functional needs but also the users’ practical [55] and emotional [56]
needs and to understand how positive ‘emotional chain reactions’ can be created
by designers [57]. Methods such as human-centered design, co-design, and others
provide a means to help designers better understand the needs and experiences of
the users [58, 59]. However, in some contexts, end users’ interactions with the design
elicit negative emotions such as fear and helplessness, and reﬂect the designer’s lack of
awareness of users’ emotional needs. For example, a radiation mask (Figure 2.1) used
by cancer patients is designed so that the person’s head will not move, but it looks
intimidating and may elicit a sense of lost control and less power, especially for cancer
patients already facing extreme stress and trauma. As a reporter describes it, the
mask is made of white, transparent, plastic mesh that is molded around the patients
face and “looks almost human, like a ghostly person frozen in place” [60]. Another
example is a mammogram machine, which is large and noisy, with moving parts that
can frighten some patients [61]. Such products and systems that impact the user’s
emotional well-being served as the inspiration for the conception of Compassionate
Design Thinking (CDT) [62].
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Figure 2.1. Sketch of a radiation mask.

The sketch of the radiation mask in Figure 2.1 was created by Shruti Kizhakkel,
former graduate student in the School of Mechanical Engineering at Purdue University.
Design is not just a means to solve problems but to also explore the various
possibilities and positive experiences that it can create [63, 64]. Although there are
a number of methods to help designers use human-centered design thinking, there is
a need to support the designers’ thought processes beyond ‘only usability’ and also
focus on needs like dignity [65, 66].
While exploring this idea of focusing on not just user needs but also feelings of the
user, we came across a few designs (products and services) which were very successful
in creating more positive user experiences. These designs include Jaipur Foot, GE
MRI and Darfur Stove (see Figure 2.2). What set them apart from many others was
the motivation of the designers to go above and beyond in identifying user needs which
deeply aﬀected the user. During pre-recorded interviews with or presentations given
by the designers, they typically discussed the rationale for what they did and how they
approached a certain problem. Therefore, videos were useful for understanding the
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motivation of the designer, which was conveyed by their expression of deep concern
for the user and was similar in all the case studies. When we started seeing a pattern
between some of the designers’ motivations, who expressed more compassion towards
the user, we started looking for diﬀerent case studies with a similar lens, where
the designer would express a deep concern for the user which further went along to
motivate her/him. Further analyses (explained in the sections that follow) helped us
to distill the common themes behind the user needs that were intuitively addressed
by these disparate designers. The designers addressed the users’ sense of dignity,
empowerment and security. Since these stemmed from a deep concern or compassion
for the user, we call this approach Compassionate Design Thinking (CDT).
Delving more into the literature, we discovered that although many design thinking approaches foster and encourage focus on the user and users’ needs, there is a lack
of speciﬁc mention of the dignity, empowerment and security of the user. From the
case studies, these needs are more apparent in vulnerable situations where there is a
chance of high emotional engagement of the user. The core ideas of CDT emerged as
a result of iteratively examining and analyzing the various case studies.
Various researchers have emphasized the importance of the users’ self esteem and
dignity [66–68], independence [68, 69] and empowerment [64, 67, 68]. However, what
is not yet available is a framework that could directly help engineers and designers
use CDT in their work.
This chapter presents the evolution of CDT and its framework by describing the
results from the analysis of 12 case studies in which the designers addressed needs
related to the users’ dignity, empowerment and sense of security. In the following
section, we ﬁrst present a review of the design literature, in particular, user-centered
design (UCD), human-centered design (HCD), empathic design, and participatory
design. Second, the research method is described, which includes the selection of cases
and how the cases were analyzed. Third, the results of the analyses are presented
which include details about the three foundational case studies that informed the
initial description of CDT. Next, we provide a summary of all 12 cases that were
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Figure 2.2. Overview of the process used to distill the core ideas of CDT.
It shows the evolution of the initial ideas (based on the foundational set
of case studies) to the core ideas of CDT after more case studies were
analyzed.
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analyzed that represents additional iterations after the foundational case studies.
Finally, we discuss the results and provide conclusions.
This work has been done in collaboration with Dr. Morgan M. Hynes and Dr.
Cole H. Joslyn from the School of Engineering Education at Purdue University.

2.2

Literature Review
This section has signiﬁcant written contributions from Dr. Cole H. Joslyn, former

graduate student in the School of Engineering Education at Purdue University.
We ground CDT in the existing design traditions of human-centered and usercentered design literature as well as other relevant design approaches. Our goal is not
to argue for one approach over another, but to identify the underlying principles of
these approaches that inform CDT and that highlight the need for such thinking.
Compassionate design is rooted in the tradition of user-centered design (UCD)
and human-centered design (HCD). Many authors conﬂate UCD and HCD approaches
using the terms interchangeably by expanding the boundaries of UCD to include what
some would distinguish as HCD (e.g. [56, 70]). Others use the term HCD because it
suggests concern for people whereas UCD suggests a narrow focus on individuals’ roles
as users (e.g., [71]). Still, some draw a distinction between the two approaches (e.g.,
[72, 73]). There have been many conceptions of UCD since it was introduced in the
1980s, such as a philosophy of design [74], a methodology [75–78], a process [79–81],
and an umbrella term to represent multiple design methods and methodologies [82].
Likewise, there have been various conceptions of HCD such as a methodology [72,83], a
process [84–86], a way of thinking [87,88], and an umbrella term representing multiple
design methodologies that share common principles [71]. Regardless of the various
distinctions, UCD and HCD share a common value for broad understanding of people
and including them in the design process to varying degrees. For the purpose of this
paper we use the term HCD to refer to design approaches that share these common
values.
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HCD is based on the needs and interests of the user by asking users about their
goals, the tools they need, the tasks they want to do, and their preferences [74,
78]. Underlying the methodology is a desire to “start with the users, and to work
from there” [78]. The goal of the HCD approach was to make products that are
usable and understandable [74]. However, Norman later admitted that this original
conception did not consider users’ emotions in addressing issues of function, form,
utility, and usability. Norman, has since extended this conception – based on scientiﬁc
advances that have led to new understandings of how emotions and cognition are
interconnected – to consider matters of emotion and aesthetics [56]. Furthermore,
HCD is based on values that emphasize human meaning; thus, it naturally focuses on
questions, insights, and activities that take place with the people that will ultimately
use the product, system, or service rather than with the professionals “doing design”,
materials used, or artifacts that are created [73].
Compassionate design is also rooted in a design approach that has recently emerged
from the HCD tradition, namely, empathic design [28, 58, 71, 89–91]. The last few
decades have seen the articulation of empathic design methodologies and approaches
that further deﬁne the nuance of designing for people.
Empathic design has been “built on a long history of human-centered design” [91].
This approach has been used in various applications for design practitioners [84, 90],
in business strategies [84, 90] and in various contexts, such as engineering service
learning [58] and product design [89]. Empathic design can involve a narrative that
might involve little or no direct contact between designers and users (Mattelmaki et
al., 2014), yet it can also involve contact with real users [89]. In other words, this
approach helps designers to understand the users and the context in which the users
are situated but does not necessarily require contact or interaction with the users.
Empathic design methods have been used as tools for developing designers’ abilities,
making them more sensitive to people and mitigating missed design opportunities [91].
According to Koskinen et al. ( [89]), “The key to empathic design is understanding
how the user sees, experiences and feels some object, environment or service in the
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situation in which he or she uses it”. Based on the literature, the two central tenets
of empathic design are understanding the broader design context by focusing on
users’/customers’ everyday environment [58, 89–91] and considering the feelings and
emotions of users/customers [71, 84, 91]. Compassionate design will help to hone the
focus on speciﬁc feelings related to dignity, empowerment and security of the user.
Compassionate design also draws from the tradition of participatory design, which
has been distinct from HCD due to its underlying principles. Participatory design
seeks “humanization and democratization as overriding design goals, in keeping with
the aim of building an egalitarian society” [92]. In other words, it is rooted in democratic values for the workplace and in worker emancipation [93, 94]. However, participatory design, especially as commonly practiced in the United States, does not
necessarily share this underlying philosophy [91].
Participatory design has primarily been utilized in software systems design and
development for users in their work environment [71,75,77,92,95,96]. The focus of the
design endeavor is not simply to develop new technology but also to consider the users’
work, work conditions, and quality of work life; for example, “improving the quality of
work life may involve rearranging the furniture, reallocating work tasks, or creating
ﬂexible hours” [95]. Participatory design focuses on drawing users into the design
process [71, 75, 77, 95–97]. More recent work also shows the participation of pre-users
and non-users in the design process [98]. The three tenets of participatory design are:
1) improving the quality of the users’ work life is the goal; 2) collaboration is essential;
and 3) the process is iterative [95]. Piela et al. ( [96]) suggest that participatory design
endeavors must: 1) establish common criteria for establishing success by all members
of the group, 2) strengthen the character of user-developer interaction, 3) improve
the quality of work life, and 4) emphasize design as an iterative process.
Inclusive design aims to create designs that can be ‘used by all’ without making
user groups that need to be treated as special, either due to age or disability [99]. It
is a design philosophy that focuses on creating pragmatic design solutions that cater
to diﬀerent users such that it includes more users instead of excluding a speciﬁc user
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group [100]. Keates and Robinson ( [101]) elaborate on an inclusive design approach
that distinguishes itself from universal design, which typically uses a broad user base
so that one product is accessible and usable by more and more people. They say
that it is unlikely that one product will be suitable for everyone and provide diﬀerent
approaches that can be used including one that involves “modular/customizable design” [101]. Newell et al. ( [102]) extend this approach and introduce “User-sensitive
inclusive design”. They point out how certain designs for older and disabled people
focus only on functionality and not so much on the aesthetics, assuming these user
groups are motivated entirely by the functionality of the products. They suggest that
the designers should develop empathy for their users considering the whole person
and not just their physical characteristics. c.
Co-design takes a diﬀerent approach, wherein the users are working together with
the designers to create designs. Sanders and Strappers ( [59]) use co-design to “refer
to the creativity of designers and people not trained in design working together in
the design development process”. Prahalad and Ramaswamy ( [103]) explain how
customers and ﬁrms co-create value together and that the “co-creation experience
becomes the very basis of the value”. There are various types of design participations
that cover the ideology of co-design, “which is based on the idea that all people
have diﬀerent opinions and should collaborate in any design process [104]”. When
designs are not created ‘for’ the people but designs are created ‘with’ them, they
have more control over the process and they experience an ‘unconventional way of
designing’ [104].
Although CDT draws on various principles of the aforementioned design approaches, it is aimed at addressing niche user needs relevant to their sense of dignity,
empowerment and security. Analyzing the 12 case studies, we found that many designers and engineers have been addressing these needs intuitively, mostly based on
their own experience and their concern for the user. All the case studies that we have
analyzed are situated in contexts where the user has a high level of emotional engagement, for example, getting an MRI scan, or losing a limb and not being comfortable
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using the prescribed prosthetic that is provided to them. CDT is an attempt to sensitize the designers by bringing their attention to the niche user needs, especially in
contexts with a high level of emotional engagement of the user. These 12 case studies
were chosen based on the following: (1) the designers’ articulation of their motivation to solve the problem. In the designers’ discourse on their work, they speciﬁcally
mention details that indicate considerations about the end-user that go beyond functionality or usability, but considers more in-depth social contexts of the end-users that
are indicative of compassionate design; (2) the credentials of the designers. All the
speakers are either designers, scientists, engineers and/or entrepreneurs in academia
or industry who are respected and widely acknowledged in their ﬁeld of work; (3) The
accessibility of the videos. The videos analyzed were TED talks, interviews or news
reports that can be found on-line or on YouTube. TED talks and YouTube videos
have been noted as a valuable resource in education [105] and research [106, 107]. A
complete list of the 12 case studies along with titles of their videos on YouTube can
be found in Appendix A. The key case studies that laid the foundation of the CDT
framework are discussed in the Results section.

2.3

Research Methods
An overview of the whole process from the conception to the initial development

of a framework for CDT is explained in this section and illustrated in Figure 2.3.
The development of CDT was not a linear process and happened over a period of
3-4 years. The initial process started with two researchers but then expanded to
four researchers, all of whom are co-authors on this paper. The team consisted of
two professors (1 male; 1 female) and two PhD students (1 female; 1 male) with
one student and faculty member, each from the schools of Mechanical Engineering
and Engineering Education at a North American university. This research began
with the research team from Mechanical Engineering and the team from Engineering
Education brought expertise in qualitative research methods.
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Observing and comparing designs like radiation masks and mammograms (as mentioned in the Introduction) to Jaipur Foot, Darfur Stove and GE MRI (explained in
detail in the next sections) spurred discussions about these designs and the thought
process behind them. Delving deeper into the thinking of the designers, that were
successful in creating positive user experiences, we found various videos (interviews
and talks) where the designers explained what prompted them to think in a diﬀerent
way. Discussing these videos in detail, we found that the motivation of the designer
was a deep concern for the user and how the users’ situation could be improved.
With this idea in mind and a lens that looks at the motivation of the designer, a few
more designs were evaluated. The ﬁrst six case studies (I in Figure 2.2) helped to
develop the initial themes of CDT including dignity and empowerment. As CDT was
being developed, we were looking at the design literature to see if any of these themes
were addressed, speciﬁcally dignity and empowerment. At the same time, we were
ﬁnding more designs where the dignity, empowerment and security of the users were
addressed. Since there was no formal method that these designers were following,
we wanted to ﬁnd the commonality between their approaches and thought processes.
Hence, we performed analysis of these case studies iteratively until we arrived at the
core ideas that form the framework of CDT. The details of the method are presented
below.
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I

START

II

III

IV

Final core themes of CDT:
Dignity, Empowerment,
Security

V

STOP

Phase 0: Preliminary analysis
Phase 1: Analysis
Phase 2: Analysis
Final phase: Core ideas of CDT

Figure 2.3. The CDT development process was not linear and included
multiple phases of analyses.

2.3.1

Interpretive Content Analysis

This section has significant written contributions from Dr. Cole H. Joslyn, former
graduate student in the School of Engineering Education at Purdue University.
For our study we chose to conduct an Interpretive Content Analysis (ICA) to explore CDT as a new way of looking at certain design endeavors. ICA is a systematic
method for exploring and describing meanings within various communications (e.g.,
books, images, physical artifacts, audio/video files, other media) [108, 109]. Furthermore, it departs from traditional content analysis by respecting latent and contextual
content [108] to prevent latent content from being overlooked and to maintain the
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distinctive nature of individual cases [108]. Researchers not only use ICA to describe
content and meanings by answering questions of ‘what’ and ‘how’, but also to make
inferences about intentions, thoughts, and feelings. These inferences are based on
various forms of communication by answering questions about ‘why’, ‘for whom’, and
‘to what eﬀect’ [108, 110].
This methodology oﬀered a contextual advantage for identifying explicit manifestations of CDT as well as inferring considerations for dignity, empowerment, and
security from latent or symbolic content within the cases we explored [108, 111]. Interpretive, contextualized inferences make it possible to make judgments about the
intentions, thoughts, or feelings of the subjects in each case [108], particularly as they
relate to the core components of CDT (i.e., dignity, empowerment, and perceptions of
security). Furthermore, ICA allowed us to extend the foundational exemplary cases
by expanding the data [112].

2.3.2

Selection of Cases

Case selection was loosely based on qualitative sampling techniques in that the
ongoing process of adding more cases took place during data analysis and we focused
on a purposive sample of cases [108, 113, 114]. This ongoing process was especially
appropriate for this study because new cases were added for analyses as we discovered
them. This procedure also allowed us to continue to expand our data.
We found a number of cases where the designer expressed a deep concern for
the users in vulnerable situations, approached the problem with a ‘helping the user’
instead of ‘solving a problem’ mindset, and paid special attention to the needs of the
users that aﬀect their sense of dignity, empowerment and security. A list of the 12
cases that we analyzed is given in Table 2.1. These cases are videos of various designs
(products and services) wherein the designer has intuitively considered the emotions
of the user in the problem-framing phase of design. We identiﬁed potential cases in
an ongoing process as we developed the concept of compassionate design. Quotes
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from the various case studies that reveal a deeper concern for the user as expressed
by the designers are listed in Table 2.2. These also reﬂect what seemed to motivate
the designers and their inﬂuence on how the problems were framed.
Once a case was identiﬁed, it was shared with the research team (the authors)
to discuss if it was suitable to be considered for analysis. Videos of these cases were
chosen for analysis as they provided more insight into the thought processes and
motivations of the designer.
Analyzing video data had many advantages [115]. They were rich with language,
visual content and could be watched and discussed multiple times. Videos were used
as the designers would often “talk” about their motivation to solve a problem. In
printed media, the details of the product were there but the whole story of the design
was often not mentioned. The coding of the videos occurred in many phases and
revealed information that a mere transcription or audio recording could not. For
example, one could see the facial expressions of the designers such as how perturbed
they were to hear about the problem or how passionate they were about solving
the problem. Watching and hearing the designers talk about the motivation and
conception of the idea helped us to understand how and why the problems were
approached in a certain way that made a diﬀerence in framing the problem. We
observed that there were similarities among the ways that the designers (in our case
studies) approached their problems; all of them were intuitively using approaches
similar to a compassionate design approach.

2.3.3

Analysis of Case Studies

As mentioned earlier, the development of CDT was not a linear process (Figure 2.3). The main case studies that helped the researchers to notice the diﬀerences
in approach of the designers were Jaipur Foot, Darfur Stove and GE MRI. Keeping
these motivations of deep concern and empathy for the users, the researchers found
a few more case studies. After the preliminary analysis of these six case studies,

Playpump

Lemon Tree Hotels

Fireﬂy Incubator

playing around it. It used a spinning wheel that children can play with, which powers a pump that pumps water into a storage tank.

A sustainable water pumping system designed to make collection and storage of water easier in some parts of Africa as it is powered by children

other employee, and hired them not from a sense of charity but based on what they can contribute to the organization.

A hotel that made a conscious eﬀort to hire diﬀerently-abled people. They provided them with jobs based on their skills and abilities, like every

above and below the infant from a compact double-sided LED phototherapy device that uses minimal power.

A Light Emitting Diode (LED) phototherapy device designed for low-resource hospitals to treat jaundice in newborns. Fireﬂy emits a blue light

A wheelchair designed for use in rural areas, speciﬁcally to help users traverse rough terrain through the use of levers and gears.

Chair (LFC)

Leveraged Freedom

less awkward and more included in social interactions.

A device that uses the Lombard eﬀect to help patients with Parkinson’s disease to articulate more loudly and clearly thus enabling them to feel

A water ﬁltration system designed to be easy to make, use and maintain for developing countries.

A portable water bottle with a ﬁltration device that provides access to clean drinking water wherever one goes.

(UV)

LifeSaver Bottle

SpeechVive

Waterworks

Ultraviolet

and intravenous (IV) catheters to reduce their level of fear when they visit a hospital or a doctor.

An interactive rabbit toy designed to familiarize children with often frightening medical procedures involving needle vaccinations, blood drawing

Rabbit Ray

A baby warmer that can be used to keep newborn babies warm. It looks like an infant sleeping bag and has a wax pouch that helps to maintain

look like a story for the children.

the bag’s temperature; it is low cost and simple to make, and is especially designed for areas with minimal access to medical resources.

Baby

Warmer

Embrace

An MRI scan experience that was redesigned so that fewer children had to be sedated to go into the scanner. The experience was redesigned to

GE MRI for Kids

A stove created to help women and other refugees in Darfur by providing them with a more eﬃcient way of cooking. Otherwise, women would
have to spend many hours walking to gather ﬁrewood and be vulnerable to hardships, including rape, during their commute.

Darfur

Stove

Berkeley

An artiﬁcial prosthetic leg designed to be custom made for each patient and to look like an actual human foot, so that the user would not feel

Jaipur Foot
awkward or out of place.

Description

Case Study

Table 2.1.
List of case studies that were analyzed and helped in framing CDT.
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Baby

should be able to walk barefoot, then the foot should look like a foot, they should be able to squat on the ﬂoor, sit cross-legged on the ﬂoor, walk on

In developing countriestheres 40 million people who need a wheelchair but dont have one, and the majority of these people live in rural areas where

the only connections to community, to employment, to education, are by traveling long distances on rough terrain often under their own powerand the

Leveraged Free-

dom

Playpump

tels

Lemon Tree Ho-

Its not uncommon for Mom to put a blanket over the babyIn fact that sounds kind of dumb. Except, what weve learned is that there is no such thing

Fireﬂy Incubator

...indirectly we’re changing the gender responsibility from girls to boys.

They can be like normal people. There is no sense of charity because I think thats what kills somebodys self-dignity.

as a dumb user there are only dumb products.

devices usually available to these people are not made for that context, break down quickly, and are hard to repair.

(LFC)

Chair

...people ﬂeeing to the hills, being forced to drink contaminated water or face death. That really stuck with me.

going places, and that leads to social isolation and depression. What I think we need to do is think of a way to do better than social isolation

They start to withdraw from social communication situations. They start to not talk to their spouse, and their family, and their friends. They stop

I started by asking the question why is it that so many people die of the lack of drinking water, safe drinking water.

really design something that will give people dignity, thats where design have the power to change lives.

They are independent and in short, their self-esteem goes up, the way they look at themselves and in general, the quality of life goes up. If you can

When you design something that is beautiful and functional, you make people able to do things themselves. They are no longer reliant on others.

simple enough for a mother or a midwife to use, given that the majority of births still take place in the home.

other similar stories like this, my team and I realized what was needed was a local solution, something that could work without electricity, that was

But that hospital was over four hours away, and Savitha didn’t have the means to get there, so her baby died. Inspired by this story, and dozens of

little guy and he needs to go through a scan.

...they don’t know how they’re going to get their child through this so that was a huge awakening for me so the challenge we have here is you got that

It kept on worrying me that this was going on and a problem came to me that I couldnt solve and it was such a desperate desperate situation.

uneven terrain.

LifeSaver Bottle

SpeechVive

Waterworks

Ultraviolet (UV)

Rabbit Ray

Warmer

Embrace

GE MRI for Kids

Stove

Berkeley Darfur

(1) Looking at them [feet with western design], I felt why not make a foot like a foot, I am a sculptor. (2) Fitting an artiﬁcial limb is not a simple

Jaipur Foot

biomechanical problem. It is a problem which involves the entire lifetime, lifestyle and culture of the people, which in our context meant that they

Quote

Case Study

Table 2.2.
Quotes from the designers that reﬂect deeper concern for the user.
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the initial set of themes that deﬁned CDT emerged: dignity, empowerment, safety,
health and happiness [62]. The coding and analysis here were “not literal, but [were]
arguable low-inference interpretations” [108]. These interpretations were used in the
light of the context and latent content in the case studies to develop the initial set
of themes for CDT during the preliminary analysis. In the next phase, these cases
were analyzed alongside new cases to conclude that happiness and health are generic
themes and not unique to these cases. During the next and ﬁnal phases of analysis,
the researchers approached the analyses of the case studies with three main themes:
dignity, empowerment and safety. While listening to the videos, we were looking for
the latent content or meanings that alluded to these themes. Examples of questions
that guided the researchers are presented in Table 2.3. When a researcher heard
something relevant, the video was paused and the researchers discussed the content
of the video, meaning and intention of the designer during the design process. If
consensus was reached, the quote from the video was extracted, recorded and notes
taken about the discussion (as shown in Figure 2.4). This analysis did not rely on
counting words or codes but was based on “inferences about the likely inner thoughts,
purposes, and views of others that are not explicitly communicated” [116]. The coding was “largely descriptive” [108] where sections of the data were selected and the
meaning behind these were inferred. The three main themes are based on connotative
categories [108] where the content is not explicitly stated but the latent and overall
meaning is considered while discussing the intention of the designer. For instance,
the word ‘dignity’ was seldom used but the designer referred to contexts and user
needs which reﬂected how (s)he considered the dignity of the user. The questions
that guided the researchers while doing the analyses are presented in section A of
Table 2.3 while the themes that emerged as a result of the analyses are presented in
section B of the same table. In Table 2.3, the questions and themes have been related
side by side for better understanding.
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Figure 2.4. Overview of the process used for coding the videos.

Table 2.3.
(A) Examples of questions that guided the researchers during analyses.
(B) Emerging themes of CDT that were related back to these questions.

(A)

(B)

Questions used during analysis

Theme

As a result of/while using it, how might this design/concept...:
...make the user feel included in the society?

Dignity

...aﬀect the user’s social status?

Dignity

...aﬀect the user’s pride?

Dignity

...make the user feel empowered?

Empowerment

...make the user feel in control of the situation?

Empowerment

...make the user feel in charge of the situation?

Empowerment

...make the user feel irrational fear?

Security

...make the user feel more or less conﬁdent?

Security

...aﬀect the user’s sense of assurance that everything is safe?

Security
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One of the key observations was diﬀerences in problem framing (by the designers)
where the problem was not only framed to create a solution but was inﬂuenced by
the designer’s motivation to help and focus on the emotions of the user. After doing
numerous iterations of watching, discussing, and analyzing the videos [115], it emerged
that the designers had been focusing on the dignity, empowerment and/or security of
the user. These were identiﬁed as the core ideas of CDT. Although these were rarely
explicitly mentioned by the designers, ICA was used to identify these common themes.
The three exemplary foundational case studies that laid the foundation of CDT will be
discussed in the next section. We watched the videos additional times and extracted
excerpts using the core philosophy of CDT i.e., sense of dignity, empowerment and/or
security.

2.4

Results
The results are presented in three parts. First, we explain how the questions

have been used with ICA to interpret the quotes and later identify the themes. Then
three exemplary foundational case studies are presented in detail to show how dignity,
empowerment and security were observed during the analyses. We also observed that
the designers in these cases were motivated by compassion and their willingness to
help the user and did not want to merely solve a problem in terms of function; this
diﬀerentiated them in the way they framed their problem. For example, in the case
of the Berkeley Darfur Stove, it was the diﬀerence between asking: How do we make
a better cook-stove? vs. How do I help these women and save them from violence?,
that guided the designer in framing the problem.
Since all the case studies have been analyzed in a similar way, a summary of all
the case studies is presented. After this, two more case studies are presented. One of
them shows the application of CDT in the design of a service and not product. The
other case study shows how one of the products, failed due to lack of holistic thinking
in the design process.
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Key quotes used by designers that illustrate CDT were ﬁrst identiﬁed while watching the video and then interpreted. Tables 2.4a and 2.4b present examples of these
quotes and how the team interpreted them using questions, examples of which have
been presented in Table 2.3. The meaning and context of the quotes helped the team
to identify the themes they represented. It is important to note that the designers
rarely used the words dignity, empowerment and security but the underlying meaning
of what they said reﬂected these major concerns.
The three foundational case studies below exemplify the theoretical framework for
CDT. These cases are compilations of various videos describing the designs. We have
chosen videos for analyses because the creators of the designs in most of these case
studies have addressed their motivation and intentions in these videos. It was clearly
noticeable that the motivation helped them to frame the problem in a way that they
could address the sensitive needs of the users. From these videos we draw out and
highlight the main elements of the CDT framework. The designers did not necessarily
use the words dignity, empowerment and security but we identiﬁed these as themes
by asking ourselves the following questions: What aspects of the user experience did
the designers want to address? What feelings did the designers hope to elicit with
their design/product? What outcomes were achieved by the design/product?
Each case study presented below is divided into three sections: Problem Framing,
Implementation and Evaluation, based on the three general stages of a design process. In the ‘Problem Framing’ section we explain how being sensitive to the users
inﬂuenced the way the designer or engineer framed the problem. In these cases, the
designer or engineer has naturally considered the dignity, empowerment and/or security of their users. The ‘Implementation’ section illustrates how the designer or
engineer implemented the ideas from problem framing into solutions. The ‘Evaluation’ section details how the designs improved the lives of the users and stakeholders
with respect to their dignity, empowerment and/or security. Each section includes
quotes from the designer, engineer, user or stakeholder to illustrate how the research
team interpreted the statements while analyzing the cases.

the home.” –Jane Chen, Embrace baby warmer

given that the majority of births still take place in

simple enough for a mother or a midwife to use,

thing that could work without electricity, that was

alized what was needed was a local solution, some-

other similar stories like this, my team and I re-

baby died. Inspired by this story, and dozens of

trol of the situation?

• Does the user feel like they are in con-

or other expensive healthcare resources.

without depending on access to hospitals

for the needs of their premature babies

The designer wanted to empower the users
(mothers) and other stakeholders to care

withdraw from social communication.

esteem and dignity is aﬀected and they

do not understand them, their sense of self-

Savitha didn’t have the means to get there, so her

• Does the user feel empowered?

• Does this aﬀect her/his pride?

ciety?

• Does the user feel included in the so-

“But that hospital was over four hours away, and

Jessica Huber, SpeechVive

of a way to do better than social isolation.” –Prof.

depression and I think what we need to do is think

ing places, and that leads to social isolation and

and their family, and their friends. They stop go-

When the Parkinson’s patients are not able
to participate in conversations and people

thetic.

more likely, they would accept this pros-

rassed or out of place using the foot and

“They start to withdraw from social communication

• Does this aﬀect her/his pride?

• Does this aﬀect her/his social status?

the person may not feel awkward, embar-

a prosthetic that lacked realistic features,

situations. They start to not talk to their spouse,

Jaipur Foot

a foot, I am a sculptor.” –Ram Chandra Sharma,

ciety?

• Does the user feel included in the so-

if it looked like a realistic human foot vs.

Looking at them, I felt why not make a foot like

in which feet with western design were being made.

Interpretation

The designer was able to understand that

Questions

“The neighboring room to my room had a workshop

Quote

Empowerment

Dignity

Dignity

ﬁed

Theme identi-

Table 2.4a.
Representative quotes that the team interpreted as reﬂections of the designer’s/engineer’s CDT (Part 1).
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–Doug Dietz, GE MRI for Kids

that little guy and he needs to go through a scan...”

for me. So the challenge we have here is you got

child through this, so that was a huge awakening

parents] don’t know how they’re going to get their

really cry, I mean she’s just breaking down...[The

totally diﬀerent... so the little girl just starts to

was just standing, I realize that this is something

dent?

• Does the user feel more or less conﬁ-

that everything is safe?

• Does the user feel a sense of assurance

and safe when getting an MRI.

to change to make children feel more secure

eyes and decides that the experience needs

perceived as scary and risky from children’s

and just seeing in that same environment where I

• Does the user feel irrational fear?

The designer realizes that the scan may be

enabling them to feel more secure and safe.

that is seen in most hospitals and uniforms,

reasons for their use and the color ‘white’

medical equipment, especially needles, the

tors by familiarizing them with the various

“...and she just freezes and I...looking at her angle

that everything is safe?

• Does the user feel a sense of assurance

dren’s fear of medical devices and doc-

–Esther Wang, Rabbit Ray

The designer wanted to alleviate the chil-

family again.

white, a doctor or a nurse, is there to hurt them.”
• Does the user feel irrational fear?

trol of the situation?

• Does the user feel like they are in con-

ﬁnancial independence and provide for his

“Some children have the perception that a ﬁgure in

ily again.” –Amos Winter, LFC

school uniform...and started providing for his fam-

his shop and soon after landed a contract to make

he got an LFC, he...rode that kilometer, opened up

shop in his normal wheelchair...But the day after

• Does the user feel empowered?

user to return to his regular lifestyle, regain

port himself from his house over a kilometer to his

as a tailor, but once injured he wasn’t able to trans-

Interpretation

The specialized wheelchair empowered the

Questions

“Ashok had a spinal injury...and had been working

Quote

Security

Security

Empowerment

ﬁed

Theme identi-

Table 2.4b.
Representative quotes that the team interpreted as reﬂections of the designer’s/engineer’s CDT (Part 2).
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2.4.1

Foundational Case Study 1: The Jaipur Foot

The Jaipur Foot is a below-knee prosthetic leg that was collaboratively designed
in 1968 by a doctor and a sculptor. Dr. P. K. Sethi, an orthopedic surgeon working
with patients with below-the-knee amputations, was perturbed by the patients’ high
rejection rate of the prosthetic limbs with which he ﬁtted his patients. At the same
time, Ram Chandra Sharma, a sculptor who was conducting craft classes for children
in the hospital at the time, learned about this problem and thought, “What if the
foot looked like a foot?”. He used rubber to give the prosthetic limb the look of a real
foot. The pair focused on developing a prosthetic that looked real, and adapted to
the unique lifestyles and culture of their patients that many other prosthetic solutions
did not. They also considered the socio-economic context of the patients by making
the Jaipur Foot as inexpensive as possible and by providing meals and lodging for
the patients who could not aﬀord it. Their unique business model was developed
not to be incredibly proﬁtable, but to be low-cost and easy to ﬁt, and sustainable
to manufacture; soon it became quite successful and became a popular prosthetic
across the world. The acceptance rate of the product increased, and people from
diﬀerent parts of India and the world started using it. Since then, there have been
many developments to the Jaipur Foot. One of the latest ones is in the calipers
for paralytic poliomyelitis, where wood and metal conventional calipers have been
replaced with low weight thermoplastic calipers [117]. Dr. A. K. Jain, who specializes
in rehabilitation medicine, says, “Since these are total contact orthosis, they can be
worn inside the cloth[e]s and are not visible from outside. [A] 90% rejection rate
converted to above 95% acceptance rate” [117].
Problem framing: The problem was framed not only to address the function of
a prosthetic to enable a person with an amputated below-the-knee leg to walk but
also considered aspects of patients’ lifestyle and emotional well-being. As Dr. P. K.
Sethi noted, “Fitting an artiﬁcial limb is not a simple biomechanical problem. It is a
problem which involves the entire lifetime, lifestyle and culture of the people, which
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in our context meant that they should be able to walk barefoot, then the foot should
look like a foot, they should be able to squat on the ﬂoor, sit cross-legged on the
ﬂoor, [and] walk on uneven terrain.”
This quote highlights that the designers not only focused on the functional use
(i.e., enabling the user to walk) but also an emotional need of the user, as it empowered
users to independently engage in their lifestyle and cultural norms of squatting, sitting
cross-legged, and traversing rugged terrain barefoot. The empowerment of the users
was considered in a holistic manner beyond simply getting them walking again. A
quote by the sculptor-designer Ram Chandra Sharma, “Right next to my room was
an artiﬁcial limb workshop. Looking at the limbs, I wondered- why not make a foot
that looked real?” shows intentional thinking about the users’ need for dignity and
social acceptance. He realized that prosthetic-users do not want to feel awkward or
diﬀerent from others and want to be seen as equal members of society. Dignity of the
user was speciﬁcally addressed by making the prosthetic foot look like a natural foot
while meeting their practical needs.
Implementation: While implementing the design, the creators emphasized the
holistic aspects of the prosthetic beyond its eﬀectiveness or function, for the end user.
They considered the complete user experience including how the users would come
to the medical oﬃce to be ﬁtted or to obtain the prosthetic, how long it would take
to be ﬁtted, how they would be ﬁtted, and the long-term maintenance of the prosthetic. They even considered the users’ ability to pay for the prosthetic (e.g., their
sense of ﬁnancial security) and their need to feel empowered in the face of losing a
limb, an extremely disempowering experience, as reﬂected by the following quote:
“Free boarding and lodging is provided to needy patients and up to 70 of them can
be accommodated here at any point of time,” and “One of the key reasons for the
widespread acceptance of the Jaipur Foot amongst the poor is the organization’s emphasis on complete rehabilitation.” The Jaipur Foot designers also employed staﬀ who
themselves were proud users of the Jaipur Foot, which indicated that they respected
their value as individuals; this empowered the workers as well as the prosthetic clinic
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patients. This hiring of Jaipur Foot users also helped to dignify those with prosthetics
as valuable employees in their own right and as role models for patients just starting
their journey of change and acceptance. They also recognized that the users would
be more aware of and understand the importance of each step in the creation, ﬁtting
and distribution of Jaipur Foot. Some excerpts from the videos illustrate the importance of precise measurements taken by a staﬀ member who also uses the Jaipur Foot:
“Even a small error in measurements could mean a lot of discomfort for the user. As
someone who uses the Jaipur Foot himself, Prajapati knows this only too well.”
Evaluation: The Jaipur Foot team assessed the success of the Jaipur Foot not
only in terms of solving the problem of walking again for those with below-the-knee
amputations, but by how the prosthetics supported their need for dignity and to be
valuable members of society, their need to return to their day-to-day activities and
work and to ﬁt into society versus being ostracized for being diﬀerent or “less than”.
D.R. Mehta, the founder and chief patron of Bhagwan Mahaveer Viklang Sahayata
Samiti (BMVSS), the organization that provides Jaipur Foot, described his work as
“so satisfying, personally. [A] person comes in calling, he gets a limb in day or two
and for no charge at all and walks out. It’s not merely the thought of giving a limb,
it’s also restoring their economic power.”

2.4.2

Foundational Case Study 2: The Berkeley Darfur Stove

The Berkeley Darfur Stove was developed by Dr. Ashok Gadgil, a professor in
Civil and Environmental Engineering at the University of California, Berkeley and his
team. The stove was designed to help refugees (predominately women who cooked for
their families) in Darfur by providing them a more eﬃcient way of cooking. The new
fuel eﬃcient stove, “Berkeley Tara”, was made of metal and reduced the fuelwood
consumption by 70-75% as compared to the three-stone-ﬁre traditionally used by the
refugees [118]. As it was more eﬃcient and used less fuelwood, this stove reduced the
number of times the refugee women had to walk to fetch ﬁrewood, and hence reduced
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the hardships and danger that they faced while doing so. The motivation for the stove
was to empower these women to continue to cook in ways they were accustomed to,
but with increased fuel eﬃciency thus reducing their time fetching wood, away from
the safety of the refugee camp.
Problem framing: The problem was framed with the intention to improve the
physical security of the user while also empowering them in their local context. This
might be in contrast to an approach focused on ﬁnding the best technical solution (e.g., a gas-powered stove) without regard for the user’s traditions or situational/cultural context. Gadgil’s motivation was noted when he says, “It kept on
worrying me that this was going on and a problem came to me that I couldn’t solve
and it was such a desperate, desperate situation.” Another excerpt highlights the
plight of the users; “[W]omen are forced to travel far outside the camps, often walking for up to seven hours to ﬁnd wood [to use for cooking]. Any encounter with the
Janjaweed militiamen while searching for ﬁrewood almost certainly would result in
rape.” He explained that the women “...have to go because there are a few men in
the camps, about twenty percent of the camp residents are men, but if the men get
caught outside, they are killed. Its a horrible choice [for the women].”
Implementation: Before implementing the design, a team traveled to Sudan
in 2005 to better understand the context and the problem. A team led by Gadgil
went to Sudan and spoke with the Sudanese women and their families to gather more
information to design a better cook stove that would be suitable to their traditional
cooking practices. They learned details about their typical cooking methods, types
of pots used and how they gathered fuel for cooking. Thus, the designers were able
to keep the lifestyle of the user in mind while creating the product. They created a
stove that not only empowered the users to facilitate them to keep themselves safe
but also use their current utensils and cooking styles in a more eﬃcient way. As
Gadgil explains, “I ﬁgured one should be able to design the stove that should be
cheap, should work with their pots, with their fuel, with their cooking style.” He was
considering their ﬁnancial, socio-cultural and practical needs.
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Evaluation: The stove did not eliminate the problem – the women’s need to leave
the refugee camp to forage for wood, but it reduced the problem as it required 75%
less wood for cooking. According to Gadgil, “Something that should be at least 2530% eﬃcient, that’s a four fold gain in their eﬃciency and that means instead of going
out every other day they would [have to] go out once a week.” The creators thought
not only about solving the problem but considered the safety and dignity of the users;
they aimed to improve the refugees’ lifestyle and sense of self by helping them build
their economy as noted in this quote: “For the team, ﬁnding a way to manufacture
the simple sheet-metal stoves locally, thereby helping to build the internal economy
of the refugee camps is more important than the bottom line. We do want to foster
innovation in Darfur.” Gadgil adds, “This project gives me one more reaﬃrmation
that use of modern science and engineering technology can go very far in solving
desperate problems of people who are at the very bottom of the economic pyramid.”

2.4.3

Foundational Case Study 3: General Electric (GE) Magnetic Resonance Imaging (MRI) for Kids

Getting an MRI scan can be a frightening procedure for people, especially for
children. When children typically get an MRI scan, they are scared, nervous and
cannot keep still. Therefore, in order to complete the procedure, 80% of the time
children have to be sedated. Doug Dietz, an industrial designer for GE who also
created the MRI machine, explained how he redesigned the experience of getting an
MRI scan for children. Dietz explains that he became interested in the problem when
he learned that most children had to be sedated before going into the MRI machine.
Upon visiting the hospital, he noticed that the MRI procedure created enormous
stress for parents in addition to their concern for their child’s health. So he decided
to try to change this very cold, noisy, isolating and scary procedure into one that
would be more enjoyable for the children by turning the MRI experience into an
adventure, like a “pirate journey” or a “nautical adventure” for the children.
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Problem framing: Dietz explains how he came to realize the problem when he
looked at it from the patient’s and their parents’ perspectives:
I saw this young family coming down the hallway and I’m just standing
in the hallway and they’re coming toward[s] [me] and I can tell as they
get closer, the little girl is weeping and as they even get closer to me I
notice the father just leans down and just goes, “Remember we’ve talked
about this, you can be brave.” ... and she just freezes and I ... looking
at her angle and just seeing in that same environment where I was just
standing, I realize that this is something totally diﬀerent.
Dietz understood that it is not only the emotions of the child but also those of
the parents that are aﬀected when a child has to undergo an MRI scan:
[S]o the little girl just starts to really cry, I mean she’s just breaking
down... they don’t know how they’re going to get their child through this,
so that was a huge awakening for me. So the challenge we have here is
you got that little guy and he needs to go through a scan....
Dietz understood that he needed to do something that focused on enhancing the
sense of security for young MRI users and their families.
Implementation: Dietz wanted to better understand children in order to address the anxiety they were facing due to the MRI procedure. He visited a daycare
center and realized that he “had to learn more about some of the developmental
stages of children, some of these things that would cause the anxiety.” He mentions
that children have a fertile imagination and considering this, the team included many
elements in the ﬁnal design that would cater to all the senses and change their experience, for example, to that of a “pirate journey” or “nautical adventure”. They were
able to change the sense of security of the children and make them feel less scared of
the scan.
Evaluation: Initially, approximately eighty percent of children had to be sedated
before going for the scan. With this new redesign, they sedated just two children in
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over a year that the redesigned machine was being used in this hospital. The designer
himself assessed the redesign based on his success in how calm the parents and children
felt and in the reduction to their anxiety. He says,“What I really think I would
measure myself in this kind of a project is have I had inﬂuence on that conversation
in the car on the ride home for that family and if I have had that opportunity to
make that a diﬀerent kind of conversation for this family.” He also mentions that
some children even wanted to come back to play, which shows that the redesign made
a diﬀerence in the experience of the children.
All 12 case studies contained quotes from their designers that reﬂected at least
two of the three themes. Since a similar method was used to analyze all 12 cases, we
do not present detailed analyses of all the cases here, however, a summary of all the
studies is presented in Tables 2.5a, 2.5b and 2.5c, which show how each case study
addressed particular theme(s).
Two more case studies that are diﬀerent are discussed in more detail in the following section. The Lemon Tree Hotels provides jobs to diﬀerently abled people and is
an example of how CDT can be also used for designing a service and not necessarily
a product. The other case study, Playpump, shows that just using the elements of
CDT is not enough for the design to be successful with the users, but that a holistic approach towards design and other aspects of human-centered design, like user
feedback are imperative for a design to be well accepted and successful.

2.4.4

Case Study 4 (Related to Service Design): Lemon Tree Hotels

Lemon Tree Hotels is a group of hotels in India that in 2016 had a staﬀ of 3500
employees, 15% of which were “employees with disabilities” or diﬀerently-abled individuals, and another 10% were from socially, educationally and economically disadvantaged backgrounds. In the various interviews with the media, the staﬀ from
Lemon Tree have spoken about respect and dignity of the special people that they
employ and how they need to be treated equally. The organization not only empow-
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sense of security in that their fears of contracting diseases from contaminated water were reduced and they could feel more
conﬁdent when they traveled.
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ers disabled people by employing them but also provides them an environment where
they feel digniﬁed and respected.
Problem framing: Lemon Tree Hotels not only address the problem of high
rates of unemployment for diﬀerently-abled people but the jobs they provide also
help them to maintain their self-esteem, sense of empowerment and dignity, while
providing them with a livelihood. The organization has shown compassion towards
disabled people and this can be seen in excerpts such as “we tried to bring people with
disability to the mainstream while respecting the dignity of the person.” They have
taken care to not impact the self-respect of their employees but provide them with
mainstream jobs like everyone else has that help them to feel respected, self-suﬃcient
and capable, which in turn boosts their morale: “They can be like normal people.
There is no sense of charity because I think that’s what kills somebody’s self-dignity.”
One speech-impaired employee expresses his satisfaction with the job in this quote
(transcribed sign-language): “The employees here treat me at par with all others.
When I am serving guests in the restaurant, the guests are delighted by my service.
I feel very happy to [serve] them. I am as good at my work as anyone else.”
Implementation: People with diﬀerent disabilities like down syndrome, speech,
hearing or any other cognitive impairments are hired at the Lemon Tree Hotels. The
Human Resources (HR) department places the special staﬀ in diﬀerent roles, based
on their abilities. For example, a woman who has diﬃculty walking works as a front
desk attendant, greeting customers. The customers are also made aware about the
special staﬀ as they wear name tags with a description about themselves that provides
more information. Lemon Tree HR also emphasize that they sensitize their other
staﬀ to work with the special people: “It is important to sensitize the existing staﬀ.
The employees are instructed to behave in a normal way with the disabled staﬀ and
make way for their development...[Additionally to] make the work atmosphere truly
inclusive, sign-language is taught to all the able-bodied staﬀ members. This ensures
free communication and eﬃciency amongst all employees.” Lemon Tree management
thinks holistically about their staﬀ. They not only want to provide them with regular

43
work but also think about their career: “The next challenge is like, once we (are)
sensitized towards these “kids”, how we have to give them the career graph also.”
Evaluation: This design is not only targeting the end users but also stakeholders
by changing the mindset of the customers who come to the hotel: “This initiative
by the Lemon Tree Hotels to employ people with disabilities is empowering lives and
changing mindsets.” They want to scale up and create more opportunities as noted by
Rattan Keswani, Deputy Managing Director (MD): “We’re actually trying to design
a hotel in other part of Gurgaon [in India] where the entire design is based on the
requirements of people with disabilities, and our vision is that we could we make 90+
percent of the employees...[those] who have some disability or the other.”
In the next case community empowerment was a design goal, but designers failed
to think it through thoroughly enough, which led to the failure of the product.

2.4.5

Case Study 5 (An Example that was not Successful): Roundabout
Playpump

The Play Pump was developed and installed in KwaZulu-Natal province in South
Africa in 1994 to make water collection more fun and reduce the labor involved in
pumping water. Trevor Field, an agricultural executive and a key member of this
Playpump project team says, “The idea was to try and develop a system that would
make the collection of water a lot easier and a bit more fun.” A Playpump system
was designed as a children’s merry-go-round connected to a borehole attached to an
overhead storage tank. As the children spin on the merry-go-round, the force pumps
water from a borehole to an overhead storage tank. This system was installed at
various locations in grade schools and crèches (day-care centers) where children play
on a regular basis. This design was aimed to empower the community to get easy
access to clean water always.
Problem framing: Field explains that prior to the installation of the Playpump,
children were falling sick due to drinking unclean water from a well with a shallow
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water table. The water drawn from a borehole using the Playpump was tested and
safe for drinking. He also explains that girls or women have more responsibility of
fetching water in many communities in Africa, but by using the Play Pump, boys also
became involved in collecting water as they play on the merry-go-round. He says,
“indirectly we’re changing the gender responsibility from girls to boys.” The problem
was framed to develop a solution that capitalizes on a common daily life activity
(play). They wanted to empower the user and also tried to keep the system simple:
“Tap-stand is very simple, just nice and sturdy so that it doesn’t get damaged by
cattle or over-enthusiastic children. It’s got a very simple tap... .” The design was
created to provide the community with constant and easy access to clean water by
utilizing one of the regular play activities of the children. Water could be drawn from
a deeper water table so it is clean and stored in an overhead tank, so people can get
clean water at any time.
Implementation: While implementing the solution, they kept various aspects
in mind: the pump was installed at schools and crèches where many children aged
six to fourteen years play. The wheel could be spun either left or right to pump
water and the design was kept very simple so that it would be easy for the children
to use and reliable. They kept it simple, with only two moving parts. As Field
explains, “Keeping it that simple then the reliability increased dramatically.” They
also installed some billboards surrounding the storage tanks and the funds generated
from the advertisements helped to maintain and sustain the pump; other billboards
oﬀered public service announcements. He also mentions that they were planning to
expand this Playpump project to other regions where they needed this kind of pump.
Evaluation: Upon installation, the Playpump was very successful in providing
clean water to the people in Africa. The children did not fall sick as often and
the school attendance increased. Field saw this as a measure of their design team’s
success: “The kids used to get really sick. They used to get diarrhea and vomiting and
all sorts of things before we put the Playpumps in... school attendance has increased
quite dramatically and that is really, for me, that’s great success... .”
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A few years after installation, the Playpumps were breaking down in many locations. 1000 Playpumps had been installed by 2008 with the aim of scaling to 4000
pumps by 2010 [119]. Amy Costello, a reporter for Frontline/World, who had covered
the Playpump’s initial success story followed up with another story when the pumps
started failing about three years after installation:
I think part of it was this push to get many, many Playpumps into the
ground on a fairly quick timeline and I think that proved to be challenging
from a maintenance point of view [in] that pumps would break down
and they were not able to be ﬁxed and that had signiﬁcant repercussions
because you know, as I say we are not talking about television sets that
are breaking down, we are talking about people’s access to clean drinking
water, so when a pump breaks down, that’s really critical and can be
detrimental to a community and I think there were also kind of cultural
issues that arose. I think that not every community where a Playpump
was installed necessarily in the end wanted this technology, so there was
some push back from the users themselves... .
Even though the Playpump was installed with intentions to empower the community, it was not fully successful due to various reasons, including a lack of foresight
and holistic thinking. The community was not empowered to repair and maintain
it and the design relied solely on children to play in order to pump the water, not
considering that children may not want to play with it always. The reporter adds,
“...children, like everywhere in the world, sometimes get tired of playing on one toy
all the time but if they were relying on the energy of children they really needed
them to be spinning and spinning literally for hours a day to provide adequate water
and of course they weren’t... .” As reported by The Guardian ( [119]), if children
played for two hours constantly on the merry-go-round then the bare minimum water
requirements for 200 people a day could be met.
For example, a pump was installed in a remote area in Mozambique, where there
were only a few children, thus requiring the women to turn the merry-go-round to
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pump water. One of the women said that after working for six hours in the ﬁeld they
had to turn the merry-go-round wheel that would cause their arms to hurt. Using
the old hand-pump was much easier, they reported. Even after turning the wheel, no
water was getting pumped to the storage tank, which was a bigger problem. Whenever
they would call the repair line, they received no response. One of the oﬃcials at
Mozambique’s Rural Water Authority said, “Once the pump breaks, and takes more
than 3 months to repair, people in these communities no longer trust the Playpumps,
because they are demoralized. It does not work properly. We know it is for free, but
it does not work properly.” Costello also found a report stating many problems, like,
there were pumps out of commission for up to 17 months, maintenance was “a real
disaster”, the operation technique of the pump was not suitable for African women
and children were not using it in the intended way. When the women were asked if
they knew that this Playpump was going to be installed, they said that they had no
information about it prior to its installation. The users were not involved throughout
the process, which proved to be a problem. There were no advertisements on the
billboards to pay for the maintenance. The idea of funding maintenance through
billboard advertisements and relying on children to operate with pump may have
worked well for some parts of Africa, but not all. This lack of holistic thinking in
the implementation of the Playpump had dire consequences on the social climate
within the communities where they were installed and failed. People had to travel
to neighboring villages to obtain water which led to conﬂicts and tension amongst
the people. Such product failures and subsequent consequences began to hamper the
sense of dignity and empowerment of the users.
The lack of maintenance and repair was a key cause for the failure of the Playpumps. One of the oﬃcials says, “You can put in a beautiful, perfect pump and if it
breaks down and there’s no spare parts, then it was only as good as the six weeks or
six months that it ever lasted for in the ﬁrst place.”
This case study of the Playpump shows that even though empowerment of users
was a goal, the plan was not thought through well enough. For instance, the designers
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did not consider the diﬀerences in the populations of neighboring communities, nor
did they consider what aspects needed to be included to promote user acceptance of
this pump system. And while the designers wanted to empower the local community
to maintain and repair the pump, somehow the education piece was not provided nor
were mechanisms set up to enable community maintenance. These resulted in the
decline of the Playpump project. There was also a push to scale up quickly which
may have prevented proper planning and implementation of some of these aspects.
Clearly in this case, the approach of CDT was not enough; the design also needed
a holistic approach (in other words, consider all aspects of installing a Playpump
system). This case study is included to show that only CDT will not be helpful to
create better user experiences; a holistic approach considering the various aspects of
design thinking, especially including approaches from HCD will be important for a
design to succeed.
Each case does not equally focus on the three themes, but they help to illustrate
how the ideas of dignity, empowerment and security emerged and were identiﬁed by
the research teams. In the next section, we discuss these three elements in detail
by providing more thorough deﬁnitions from the literature in design and psychology.
Then we relate the case studies to these deﬁnitions and also discuss some potential
implications of CDT.

2.5

Discussion
The three elements of the CDT framework: dignity, empowerment and security

have been derived based on the various case studies. Here we discuss these elements
based on literature from design and psychology. The deﬁnitions so obtained are used
to contextualize CDT and evaluate how the case studies adhere to these deﬁnitions.
Then the potential implications of CDT in the design process and education are
discussed.
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2.5.1

Contextualizing the Key Elements of CDT in Literature

This section has signiﬁcant written contributions from Dr. Morgan M. Hynes,
Assistant Professor in the School of Engineering Education at Purdue University.
As the term compassionate implies, compassionate design would include some focus on a sensitive view of the users for which the engineer or designer is designing,
with a desire to improve the users’ condition. As noted earlier, this design focus is not
new to design and is embodied within participatory and empathic design approaches.
However, we view compassionate design as involving thinking that pays special and
intentional attention to the end users’ human dignity, empowerment, and security.
We relate this to Maslow’s (1968) hierarchy of human needs [120, 121] where the designer’s attention is on helping users walk down their path toward self-actualization.
Fulﬁlling the basic physiological needs related to food, shelter, and clothing are critical; however, we would not expect these to be the focus of compassionate design as in
this context, the user direly requires these basic needs and is unlikely able to function
until they are met. That is not to say that someone following CDT would not create
solutions related to food, shelter, and clothing, but that these solutions would likely
be fulﬁlling needs higher up in the hierarchy. The next steps rising up in Maslow’s
hierarchy are safety or security needs, which relate to one’s expectation that her/his
needs are met and will be met for the foreseeable future. These are often manifested
as a sense of personal security (i.e., of feeling physically safe; not threatened by war,
accidents or natural disaster), economic security (i.e., a sense that the individual
will be able to provide for her/his ﬁnancial needs), or sound health and well-being
(i.e., that the individual is physically, mentally, and emotionally ﬁt to take care of
her/his needs). It is often the lack of these types of security that impede individuals
from fulﬁlling needs higher up Maslow’s hierarchy. A compassionate design solution
would look to empower the users to achieve this sense of security, safety, health and
well-being, enabling them to pursue self-actualization. The top three needs of the
hierarchy – love and belonging, esteem, and self-actualization – are critical to CDT.
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These needs are also likely the most diﬃcult to operationalize and deﬁne speciﬁc criteria and constraints for within the process of design. What satisﬁes one’s feelings
of belongingness, conﬁdence, and fulﬁllment of purpose will vary between cultural
contexts, situational contexts, and across the range of individuals and personality
types. However diﬃcult this may be, a designer operating from the CDT perspective
would look to understand the user’s unique contextual situations. This would include
their emotions, state of mind, and sense of security and well-being. A compassionate
designer would aim to develop solutions that empower users, in the name of dignity,
to choose and fulﬁll goals related to their self-actualization. Criticism of Maslow’s
hierarchy centers on the distinction between levels of the hierarchy that imply that
once a lower set of needs are satisﬁed, an individual will then focus on the next level
of needs [122]. CDT does not embody distinct levels, as implied, but uses Maslow’s
hierarchy as a framework to describe the opportunity to empower individuals to fulﬁll needs all along the hierarchy, for themselves, with a particular emphasis on those
needs above the most basic needs.
In this section, we frame compassionate design as a process to promote the humanization of the user by aiming to empower them within a framework of dignity.
To do this, we relate the constructs of dignity, empowerment, and security to engineering and design outcomes with the fulﬁllment of Maslow’s self-actualization as the
backdrop.
Human Dignity – Valuing end-users as individuals and recognizing them as
capable of setting and achieving goals important to them and their pursuit of selfactualization.
Dignity is at the heart of CDT. Human dignity can be represented with two basic
distinctions: inherent dignity and moral dignity [123]. What Andorno terms inherent
dignity is the inalienable right each of us as humans is born with. That is to say that
we as human beings should never be treated inhumanely irrespective of the situation,
and shall always have the right for our lives to be valued. Within their profession,
engineers and designers are expected to practice ethically and to uphold this basic
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inherent dignity as they design solutions that involve people. Moral dignity is Andorno’s second distinction referring to the dignity each person embodies (at varying
degrees) through their behaviors and actions and may be fostered or impeded by
their context. This includes our right as individuals to the autonomy to fulﬁll our
individual personal needs in the pursuit of self-actualization. It is within this context that an engineer or designer may have the opportunity to identify problems that
impede this pursuit, and develop solutions that empower their users to continue the
pursuit of their goals as they see them. This may look diﬀerent for every user and
is highly dependent on the context, culture, and situation for each individual. Few
designers have explicitly considered the dignity of the user while going through the
design process [124]. The Jaipur Foot team described their respect for the human
dignity of their end users as central to their approach, knowing that it was not the
most prudent from a purely proﬁt-making perspective. The complexity of this kind
of design context, as with most design contexts, makes it challenging to specify clear,
generalizable heuristics for compassionate design; however, we will attempt to provide a foundational framework that deﬁnes the philosophy behind the compassionate
design approach.
Empowerment – Enabling end users to be agentic, motivated, and competent
in their pursuit of self-actualization.
As was noted in the description of human dignity, empowerment is at the heart
of the dignity of the individual and it helps designers provide users with pathways
toward independence rather than providing them with solutions that act upon them
taking away their agency. Ryan and Deci ( [125]) deﬁne self-determination theory
as “the investigation of people’s inherent growth tendencies and innate psychological
needs that are the basis for their self-motivation and personality integration, as well
as for the conditions that foster those positive processes”. From this perspective,
Ryan and Deci have noted three basic needs as essential for fostering the conditions
for these positive processes– competence, relatedness, and autonomy. We posit that
these three needs can be a target for the designer in understanding how to empower
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end users. The Jaipur Foot, for example, aims to provide individuals without a
leg from the knee down with newfound competence in the tasks requiring a leg (i.e.,
standing, walking, and climbing). It also was delivered within a context of relatedness
where the Jaipur Foot team understood their users and developed a caring relationship by considering the unique social and ﬁnancial challenges each of their clients
faced and developed an approach that treated each client individually. In the end,
the solution provided autonomy to the user not only by providing them their former
(able-bodied) abilities that came along with the Jaipur Foot, but also the conﬁdence
that they would be supported, which took into account the user’s desire for social
belongingness and ﬁnancial security. In their analysis of how empowerment is enunciated in participatory design, Ertner, Kragelund, and Malmborg ( [126]), highlighted
the complexity of empowerment and how it is highly dependent on the situation of
speciﬁc user groups, and aﬀected by the power relations or political structures of the
contexts, which requires highly reﬂexive practice from the designer. Thus, empowering users from a CDT perspective is multi-faceted, complex, and central to driving
the design constraints and the criteria upon which possible solutions are evaluated.
Security – The end-user’s sense of positive well-being in both the short and long
term related to health, safety, ﬁnances, physical security, etc.
A compassionate designer respects human dignity and focuses on empowering end
users, which relates to the end user’s sense of positive well-being and security. The literature has rich bodies of work concerning human well-being and happiness and their
myriad underlying factors and constructs that contribute to human attainment. Ryan
and Deci ( [127]) describe well-being from two distinct perspectives. One perspective
is hedonism, which relates to the human desire and behavior that seeks pleasure and
happiness while the other, eudemonism, relates to the human desire to fulﬁll one’s
potential (i.e., self-actualization). Keyes, Shmotkin, and Ryﬀ ( [128]) note several
important factors that contribute to personal well-being – life satisfaction, positive
aﬀect, negative aﬀect, self-acceptance, positive relations, personal growth, purpose
in life, environmental mastery, and autonomy. As one might expect, these factors
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are all highly dependent on many other aspects of a person’s life such as their ﬁnances [129], relationship status [130], age and social status [128], and personality
traits [128]. Again, in the Jaipur Foot example, the group focuses on the ﬁnancial
situations of their clients, the age and unique challenges of designing prosthetic legs
that accommodate changes in the body (e.g, changes in height or weight) and more
frequent follow-ups among young clients. They also consider how the leg and associated interactions with the clients will address numerous non-technical factors (e.g.
socio-cultural context) that support the long-term satisfaction of the user and the
success of their prosthetic.
CDT embodies a holistic approach for developing solutions that consider complex
factors related to end users’ dignity, empowerment, security, and well-being. The
technical features of solutions, users’ interactions with solutions, and the implementation of the solutions must be carefully conceptualized within this framework. The
framework carefully addresses numerous challenging and complex criteria and constraints. Many of these constraints and criteria lie outside the traditional, technical
design space and within the hearts and minds of the end user.
In the next section we discuss how the various case studies adhere to the deﬁnitions
of dignity, empowerment and security.

2.5.2

Relating Case Studies to the Deﬁnitions

The case studies highlight various aspects of the sense of dignity, empowerment
and security that have been addressed by the compassionate design approach. In most
of the cases, these three themes are interwoven but we highlight the most prominent
of the three.
As deﬁned earlier in this paper, human dignity means valuing end-users as individuals with the need to feel empowered, safe and secure, and like digniﬁed and
valued members of their community. It also means recognizing them as capable of
setting and achieving goals important to them and their pursuit of self-actualization.
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The Jaipur Foot, SpeechVive, and the Fireﬂy Incubator products along with the
Lemon Tree Hotel’s hiring of disabled individuals emphasize valuing the end-user as
an individual by creating products and services that empower them, support their
natural behavior and encourage them in the pursuit of self-actualization. They not
only encourage the users by valuing them as individuals but also provide means to
enable them to do the same. Each of these cases show that the user’s dignity was
considered, whether by respecting their need to feel that they are valued members of
society in the Jaipur Foot and SpeechVive cases or by providing them with means
that support their sense of dignity, personal empowerment and eﬃcacy as in the case
of Lemon Tree and Fireﬂy.
Empowerment in the compassionate design approach means enabling the end user
to be agentic, motivated, and competent in their pursuit of self-actualization. Additionally, the ‘Embrace’ baby warmer, the Berkeley Darfur Stove, the LifeSaver water
bottle, Rabbit Ray, UV Waterworks and Leveraged Freedom Chair also empower the
users to feel more competent by enabling them to be in control of their environments.
They enable the users to maintain an independent lifestyle and go about their daily
activities without depending on external sources like help from other people including therapists or family members, whether it be for Parkinson’s disease patients who
could speak more clearly as in the case of SpeechVive, gain the independence to move
around various types of outdoor terrains in the case of LFC or feel more empowered to
keep themselves safe as in the case of the Berkeley Darfur Stove. The Berkeley Darfur Stove project also demonstrates elements of economic empowerment by creating
a means by which the community could manufacture and sell the stoves themselves.
Dignity and empowerment also relate to the end user’s sense of well-being and
security. Security is a sense of positive well-being for both the short and long term
related to health, safety, work and belonging to society. The 12 case studies presented
here show, to some degree, that the design had a positive inﬂuence on the sense of
well-being and security of the user. Some of the case studies such as the GE MRI for
Kids, Jaipur Foot, Embrace baby warmer, Berkeley Darfur Stove, Fireﬂy Incubator,
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LifeSaver and Rabbit Ray focus more on the security, safety and health of the users.
The Rabbit Ray and the GE MRI for Kids help the users (children) feel more secure
in unknown, frightening environments such as hospitals and clinics and help the users
gain a sense of positive well-being.
We observed three common themes across all 12 case studies: the designers aimed
to enhance the users’ sense of dignity, empowerment and security even though they
did not use these exact words. The next section summarizes some implications of our
ﬁndings for the development of CDT.

2.5.3

Implications

Identifying the themes and creating the framework is only the ﬁrst step in the
development of CDT. After further development and testing these themes to gather
feedback, we envision that these concepts can be brought to design classrooms inengineering, architecture, and user experience design. When fully developed, these
themes can augment the creation of a frame [131] during the problem-framing phase
and will have the potential to help the designers to address the user needs related to
dignity, empowerment and security. We expand upon a few key concepts below.

2.5.3.1

CDT probes that can be used in the Design Process

The case studies described above show that many engineers and designers already
incorporate some level of CDT into their work. For instance, many designers think
about users’ emotional needs such as the need to feel empowered, independent, capable and like valued members of society. The goal of this work is to provide a
foundation to help increase the intentionality of this thinking in the design process.
When designers follow a typical human centered design process, there are no speciﬁc
guidelines to consider the sense of dignity, empowerment and security of the user.
The questions in Table 2.3 that were used for analyzing how the designers in the case
studies were considering the dignity, empowerment and security of the user may also
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be used to probe the thought process of the students/designers while creating new
designs. These questions will not provide designers with direct solutions but can be
used to probe the discussions (about dignity, empowerment and security) according
to the context of use. Cardoso and Badke-Schaub ( [132]) have indicated that use
of questions facilitates inﬂection moments during the design process. The inﬂection
moments help the designers to reﬂect on the current design ideas and change trajectory if required. The question-based-probes presented in Table 2.3 are intended
to prompt discussion and reﬂection about the dignity, empowerment or security of
the user amongst the design team. They are intended to help the designers think
about these social and psychological needs of the users and address them through
their designs.
The authors of “Built to Love”, discuss the importance of designing products that
generate positive emotions for customers and provide a tool called “The eMap” to
assist companies in this process. The tool includes sixteen emotion categories some of
which capture the spirit of CDT [133]. Thus, considerations of this kind are important
to industry.

2.5.3.2

CDT included in Design Education

The compassionate design framework has the potential to not only impact end
users, but designers themselves. These and several other probes are currently being
tested in an engineering design class at a North American university. When the
graduating designers understand and absorb these ideas as a part of their design
education, they may be able to implement them in the design process in industry.
Through initial observations of design students in freshman engineering, sophomore
mechanical engineering, and senior capstone design at a North American University,
the framework has challenged students to think in new ways. Regardless of the
design project, students thought through the set of questions as they evaluated their
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designs, particularly at the conceptual design phase. Freshman engineering students
used similar guidelines to provide peer-to-peer feedback on design concepts.

2.6

Conclusions
Understanding user needs is an important part of the design process, and human

centered design has provided a means for enhancing this process by considering and
integrating users’ needs. However, there is a lack of speciﬁc mention of users’ sense
of human dignity, empowerment, and security; compassionate design thinking is an
approach to ﬁll that gap.
In this work, a total of 12 design related case studies were analyzed that led to
the development of a CDT framework. Three exemplary case studies: The Jaipur
Foot, Berkeley Darfur Stove and GE MRI for kids, provided a foundation for the
development of compassionate design which led to the identiﬁcation of the main
themes most evident in CDT. Further insights were gained from additional cases that
speciﬁcally involved designers articulating their deep concerns for and desire to help
the user. Through a parallel and iterative process with the team, the core themes
of dignity, empowerment, and security emerged as the ﬁnal elements characteristic
of compassionate design thinking. These themes were contextualized in and deﬁned
using the literature, and the case studies were revisited in the light of these deﬁnitions.
These three aspects of the human experience are related to Maslow’s hierarchy
of needs and thus the designer seeks to assist users to achieve self-actualization.
Incorporating human dignity into designs requires designers to recognize end users
as capable of setting and achieving goals integral to their innate desire to pursue
self-actualization. Empowerment from a designer’s perspective means enabling the
end-user to be agentic, motivated, and competent in their pursuit of self-actualization.
To incorporate users’ need for security, a designer should think about how the design
can enhance the users’ sense of positive well-being in both the short and longer term
related to health, safety, employment security and personal competence. CDT also
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draws on the aspect of being more sensitive to the users and stakeholders and aims at
improving the whole experience of using a product and not focusing on just the
functional aspects of it. Future work involves identifying the category of design
problems and stage of design process most amenable for using the CDT framework.
The potential beneﬁts of implementing CDT with human centered design could
help in creating products and services that improve stakeholder experiences in a
variety of contexts. Examples from the case studies include products for low-resource
and low-income communities, a hotel that employed the disabled and a number of
medical devices. Such thinking will inspire designers to ask questions about their
design decisions and potential consequences that could impact the users’ sense of
dignity, empowerment or security. In the case studies that were analyzed to create
the framework for CDT, these niche user needs were being intuitively addressed by the
designers, based on their experiences, professional or personal. This research is a step
in creating a design approach so that designers, both novice and experts, can attempt
to consider and address the often unarticulated needs of dignity, empowerment and
security, intentionally and not intuitively or by chance.
Since many of the designers in the case studies had experience with the users or
context of use, we wanted to explore if experience helps in identifying user needs
related to their dignity, empowerment and security. The next chapter details an
exploratory study on the role of experience in the problem framing process.
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3. COMPASSIONATE DESIGN THINKING: ROLE OF EXPERIENCE
3.1

Introduction
Experience inﬂuences how we frame ideas in a certain context of use. Various

experiences and understanding accrued from them aﬀect a person’s prior knowledge
of any design context [134]. These experiences also inﬂuence how they approach a
design problem. When asked to design, designers are creating new artifacts based on
the knowledge and experience that they have accumulated over time [135]. “Designers
tend to recall the most speciﬁc experience (or experiences) which is relevant” [135].
Experience also seemed to inﬂuence the designers’ thinking about the users in context
of Compassionate Design Thinking. Designers in many of these case studies were
motivated to help the user, which helped them approach the design problem in a
more empathic and compassionate way. Some of them had prior experience with the
users or had experiences that changed the way they viewed the problem and were able
to approach it with more compassion and empathy. For example, the experience of
seeing how the families and children were stressed out before a Magnetic Resonance
Imaging (MRI) scan, motivated Doug Dietz, the designer of the GE MRI machine,
to change that experience for the children. The creator of SpeechVive had worked
with Parkinson’s patients during therapy and that experience helped her to be more
compassionate and empathic in the way she approached the problem. These designers
were using CDT intuitively and it was reﬂected in how the problem was framed to
address user needs relevant to their dignity, empowerment and security.
Since experience seemed to inﬂuence how designers intuitively used CDT in framing a problem, we wanted to explore the role of personal experience in identifying user
needs relevant to the core ideas of CDT: dignity, empowerment and security. This
work aims at studying how novice engineers frame the problem in a design task in
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light of their prior experience with the design context. We also note the diﬀerences
between two groups as they intuitively identify user needs relevant to the core ideas
of CDT.

3.2

Literature Review
Explicit knowledge can be articulated, implicit knowledge cannot be articulated

by the designer but deciphered through analyses of the process and tacit knowledge
cannot be articulated but its presence is evident in the design or the process [136].
Tacit knowledge of designers inﬂuences how they approach designs [137]. Even though
they may or may not be able to articulate how they approach certain aspects of a
design, their knowledge is reﬂected in their intelligent designs [137]. As Nonaka mentions, “The key to acquiring tacit knowledge is experience” [138]. So, experience
percolates the design process in various ways, through tacit and also explicit knowledge. Various researchers have studied the role of experience in the design process.
Engineering designers tap into their experience, knowledge and memory during the
design process [139]. Gero and Rosenman [135] explain how humans use the process
of abstraction and induction to create generalizations and use this learning to adapt
diﬀerent concepts to diﬀerent situations [135]. Wallace et al. [136] have studied the
use of experience in design by novice and experienced designers. They noticed that
novice engineers use trial and error during the design process, which is avoided by
experienced designers who do a preliminary evaluation of the designs based on their
experience. Ahmed et al. [140] have studied how novice and experienced designers
approach design tasks and found that experienced designers used design strategies
and developed individual approaches while novices were more inclined to use trial
and error as they were not aware of the design strategies. During the development
of the CDT framework, we observed that while the designers were considering user
needs relevant to dignity, empowerment and security more intuitively, they were also
framing the problem in a diﬀerent way, which may have helped them to focus more on
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the user than the problem. For example, in the case of GE MRI, it was the diﬀerence
between saying ’What can I do to inﬂuence the conversation in the car on the way
to the hospital (i.e. change the experience for the child and family)?’ vs ’How can I
improve the MRI scan machine to make it less intimidating’ ?
Problem framing is one of the initial phases of a design process that helps in
deciding how the design will proceed. This is the phase where the designers deﬁne
the exact problem they want to address and identify the problem and solution space
that they want to target [141, 142]. Problem framing is not done in one step but
evolves as the design proceeds. As Schn says, “[T]he work of framing is seldom done
in one burst at the beginning of a design process. Designing triggers awareness of
new criteria for design: problem solving triggers problem setting.” [137]. Most of the
literature looks at diﬀerences between experienced and novice engineers and designers
in a design process. This work is an eﬀort to explore the role of experience, speciﬁcally
in the context of CDT. The focus is to understand if personal experience inﬂuences
how user needs relevant to CDT are identiﬁed in the problem framing phase. In
the study, novice engineers, with limited or no professional experience, are presented
with an open-ended design task and asked to frame the design problem. We observe
how they identify the problems that they want to address and if it is based on their
experience. More details about the study are presented in the following sections.

3.3

Experiment Design
An experiment was conducted to study the eﬀect of prior experience with the

problem context on framing the problem and designing solutions ( [143]. A betweensubjects study was conducted where all participants were divided into two groups:
Group NE (those with no personal experience with the context) and Group WE (those
who have had experience with the context). The task given to each participants was:
“The design task is to come up with design solutions that can improve the life a person
while her/his hand(s) and/or leg(s) are in a cast or a sling”.
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This task was chosen as it was something easily observable on campus, and was
non-stigmatizing but also personal. The initial structure, details and language were
modiﬁed and reﬁned based on a pilot study that was conducted prior to the actual study. The participants were scheduled for individual sessions that were video
recorded. The participants were instructed to “think-aloud” i.e. speak as they were
thinking, framing the problem and formulating solutions.

3.4

Participants
Undergraduate students in mechanical engineering at a North American university

were recruited for the study. There were ten participants (three female and seven
male), out of which ﬁve belonged to Group NE (No Experience with bone fracture)
and ﬁve belonged to Group WE (With Experience of bone fracture sometime in the
past). Pre-screening was done to assign the participants to the two groups.

3.5

Methodology
The participants were handed the design task and provided with pencil and paper

for completing the task. There was a short practice for using “think-aloud protocol”
so that they feel more comfortable with talking, thinking and drawing at the same
time. The exercise was to think about the path they would take from their room to
the main road or parking lot, draw this path and explain simultaneously what they
saw on their way. After this short exercise, the participants would do the main design
task, which was recorded and notes were also taken. The interviewer would prompt
if the participants were not talking. After completing the task, the participants were
required to complete two surveys, one for feedback and the other to understand the
compassionate nature of the person (Hwang2008; Moore2015). The participants were
paid $10 for their participation.
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3.6

Analysis
The video recordings were analyzed qualitatively using a method similar to Inter-

pretive Content Analysis [108]. The codes were developed based on the meaning of
what the participants were saying, some were direct and some were based on interpreting the underlying meaning or the latent content [108, 144] in their communication.
The coding scheme was developed as the analysis progressed. The initially proposed
factors for compassionate design were included in the coding scheme and also new
categories were added as the data were analyzed. The coding categories were named
based on the overall theme of the idea expressed by the participant. For example, if
a participant spoke about embarrassment, then the code under which this utterance
was categorized was ‘Dignity’. There were 12 categories in the scheme, 5 of which
were factors relevant to compassionate design (from the preliminary concept of compassionate design [62]). The other categories emerged based on the latent content
of the communication in the videos. The deﬁnitions of each category along with an
example quote are presented in Tables 3.1a and 3.1b.
All the categories above can be broadly divided into three classes as given below:
• How was the problem identiﬁed?
– Awareness around
– Think about own experience
– Imagining (activities through the day)
• Which aspect of the user-experience does it inﬂuence?
– Dignity
– Health/Hygiene
– Happiness/Satisfaction
– Safety
– Empowerment (less/more)
– Helplessness (self/others)

Any references made to personal observations of individuals who have had the experience (e.g., family-

Awareness

around

Any references to instances that could aﬀect a user’s
sense of self-respect or self-worth.

Dignity

atrophied so bad that it was like my leg was bent out of

or hygiene of the user.

the same for others.

feel less or more empowered about self or perception of

(less/ more)

was I wasn’t able to hold a pencil...

...but the way the plaster cast was shaped and how big it

and that could be dangerous.

ception of safety of the user.
Any references to instances that could make the user

It could get unstable if you are holding on to two at once

Any references to instances that could aﬀect the per-

Empowerment

Safety

and has to have a cast that can’t get away and there really

solution.

doesnt seem to be like a really super good solution...

know it happens to everybody who breaks their whatever

happiness or satisfaction with the current or proposed

isfaction

I just didn’t like it because it.. its something like that you

Any references to instances that could aﬀect the user’s

shape because of how the ankle had been...

by the time I got that cast oﬀ, my muscles in my leg had

Any references to instances that could aﬀect the health

Happiness/ Sat-

Health/ Hygiene

hand is in a bad shape like its diﬀerent color from the rest

(i.e. when they themselves had the fracture).

experience

of your hand.

after a month or so when you take the cast oﬀ your whole

Any references made to their own personal experience

Okay. Well, I’ve had three fractures.

the fact that...

I have seen some people that people kind of struggle with

Example quote

Think about own

members, roommates, friends, people on campus, etc.).

Deﬁnition

Category

Table 3.1a.
Deﬁnitions and examples for coding categories (Part 1).
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know need to be able to store it in a small place or even
carry it in luggage as well on an airplane or something like

to any of the above criteria were included in this.
A few examples include cost-eﬀective and eﬃcient.

that...

...that would be kind of a good thing for people who you

or (in) convenient, either to self or others.
Any references to instances that were not relevant

being able to bathe myself.

that were perceived by the user as (un) comfortable

(In) Convenience

Others

ing, from holding myself, from sleeping comfortably, from

Any references to instances problems or situations

And that prevented me from doing a lot of things, like lift-

than 30 uses in full capacity.

ogy or material of the proposed design, were included in this category.

you should add in... let’s round up to 30, so lasts greater

(bathe on average) 4 times a week at 6 you want 24 times

started talking about the size, working methodol-

Any references to instances when the participant

hands are going to be very diﬃcult.

use one of their hands then certain tasks that require two

Let’s start with hands. So, if we have someone who can’t

something that was unaﬀected.

Comfort/

(Dis)

tails/ Working

De-

and how a cast could create a hindrance for carrying

day)

Technical

the user by imagining the daily routine of a person

ities through the

out those activities.

Any references to instances that were identiﬁed by

my wrist. So it was kind (of ) like collateral damage for

others.

Imagining (activ-

jured in that incidence, I was also prevented from using

the user as a state of helplessness, either for self or

(self/ others)

So even though my thumb was the only thing that was in-

Any references to instances that were perceived by

Helplessness

Example quote

Deﬁnition

Category

Table 3.1b.
Deﬁnitions and examples for coding categories (Part 2).
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– (Dis) Comfort/(In) Convenience
• What are some solutions?
– Technical Details/Working
Figure 3.1 shows the data and the format for the analysis for one of the participants
who had experience with the design context. Each Xmeans one reference was made
to a certain code. Each session lasted for approximately 30-45 minutes and was
divided into three-minute intervals for the purpose of coding. Three-minute intervals
were chosen for ease of coding and clarity of presentation on a time-line. As per the
calculations for one participant, the average of the average number of words spoken
per minute in a three-minute interval were approximately equal to the average number
of words spoken every minute over the entire interview. When the participant was
talking, each time that a new reference was made to one of the categories, a Xwas
used to indicate it on the analysis sheet. Then all the Xs were counted for each
three-minute interval, and the number of references ranged from zero to four for an
interval.
Once this coding scheme was ﬁnalized and all the data were analyzed by one
coder, another coder coded all the data independently using the same coding scheme.
This process was done in three phases to ensure that interpretation of the data is
done similarly between the coders. The deﬁnitions for each code were provided to
the coder at the beginning of the coding process. After ﬁve interviews were coded by
the second coder, there was a discussion between the coders to make sure that the
second coder was interpreting the data correctly. Then there was another discussion
after two more interviews were coded, and the rest of the interviews were coded after
that. The data from each coder was aggregated per category for each group (WE
and NE) separately. For each coder, it was determined if Group WE or NE made
more references in each category. This helped to understand if both the coders made
similar overall conclusions. The Inter Class Correlation was calculated for this and
was found to be 0.667.
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The averages of the number of references counted by each coder for each participant for each category were calculated. These average values have been plotted
against the time-line and are presented in the results section.

3.7

Results and Discussion
The results will be presented in various sections where categories have been

grouped based on the eﬀect of experience in making references to them. The data
from the study have been plotted and presented in Figures 3.2, 3.3, 3.4, 3.5a, 3.5b
and 3.6.
The main intention of this study is to ﬁnd if experience inﬂuences identiﬁcation of
key ideas of Compassionate Design Thinking. So, the results from the study are sorted
in various sub-sections, based on how much of an inﬂuence due to experience we see in
a certain category. The diﬀerence between the total number of references made by the
groups WE and NE was calculated as a percentage of the total number of references
made by all the participants for a certain category. The various sub-sections are
based on this percentage; 25%, 50%, 75% and 100%. For example, for the category,
“Awareness Around”, the average of the total number of references by the two coders
for WE was 8 and NE was 27.5. So, NE made 55% [(27.5-8)/(27.5+8)*100=55] more
references in this category than WE. This is also visually represented in ﬁgure qq.
In this ﬁgure, the x axis represents the percentage by which one group has made
more references to the other group. The y axis represents the maximum number
of references made by either group; positive y axis represents more references by
WE and negative y axis represents more references made by NE. For example, for
Empowerment, group WE made 14 references as compared to 4.5 references made by
group NE. Only the maximum of the two groups, 14, is represented on the positive y
axis. The diﬀerence between the groups was 51%, which is represented on the x axis.
For simplicity, any category where the diﬀerences between the groups was more
than 25% has been considered to have an observable inﬂuence due to experience.

Figure 3.1. Datasheet for one participant who had experience.

67

68
This is also reﬂected in the various plots. The group with experience is represented
in green and the group without experience is represented in red. If a plot has more
green, it means that Group WE made more references to this category.

Figure 3.2. Diﬀerence in the number of references identiﬁed by the two
groups, WE and NE, for each category.

3.7.1

Categories where the Diﬀerence in Number of References Between
the Groups was 0% to 25%

The following categories had the least inﬂuence due to experience:
• Technical Details/Working
• Health/Hygiene
• (Dis) Comfort/(In) Convenience
The diﬀerences between the references made by the two groups are presented in Figure
3.3.
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(a)

(b)

(c)

Figure 3.3. Categories where the diﬀerence in number of references between the groups was 0% to 25%. (a) Health/Hygiene. (b) (Dis) Comfort/(In) Convenience. (c) Technical Details/working.
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Group NE made more references to Technical Details/Working as compared to
group WE. Group WE made more references to the categories, Health/Hygiene and
Comfort/Convenience as compared to the group NE. In all the cases, the diﬀerences
between the two groups were only marginal, so there was not an observable inﬂuence
due to experience in identiﬁcation of problems relevant to these categories.

3.7.2

Categories where the Diﬀerence in Number of References Between
the Groups was 26% to 50%

The following categories had the some inﬂuence due to experience:
• Dignity
• Safety
• Helplessness (self/others)
The group WE made more references to the categories, Dignity, Safety and Helplessness whereas the group NE made more references to other miscellaneous problems.
The diﬀerences between the references made by the two groups are presented in Figure
3.4.
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(a)

(b)

(c)

Figure 3.4. Categories where the diﬀerence in number of references between the groups was 26% to 50%. (a) Dignity. (b) Safety. (c) Helplessness.
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The group WE not only made more references to the categories, Dignity, Safety
and Helplessness as compared to the group NE but they also seem to be making
references throughout the duration of the study as compared to the other group.
The exact words from the category name, like ’Dignity’ may not have been used by
the participant but the meaning was more implied and interpreted from what they
said. For example, one of the participants spoke about the awkwardness of wearing
oversized clothes due to a cast. Although this was not causing an inconvenience, (s)he
felt like it made her/him look out of place. This was coded as a problem relevant to
Dignity.
Also, as noted in the previous section, it can also be seen that the Group WE
made references to these categories consistently and for a longer period of time over
the entire duration of the interview as compared to the Group NE.

3.7.3

Categories where the Diﬀerence in Number of References Between
the Groups was 51% to 75%

The following categories had an observable inﬂuence due to experience:
• Imagining (activities through the day)
• Awareness around
• Happiness/Satisfaction
• Empowerment (less/more)
The group NE made more references to the categories, Imagining (activities through
the day) and Awareness around whereas the group WE made more references to the
categories, Happiness/Satisfaction and Empowerment. The diﬀerences between the
references made by the two groups are presented in Figure 3.5a and 3.5b.
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(a)

(b)

Figure 3.5a. Categories where the diﬀerence in number of references
between the groups was 51% to 75%. (a) Empowerment. (b) Happiness/Satisfaction.
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(a)

(b)

Figure 3.5b. Categories where the diﬀerence in number of references between the groups was 51% to 75%. (a) Awareness around. (b) Imagining
(activities through the day).

Experience had a signiﬁcant inﬂuence of how the problem was identiﬁed. The
group NE identiﬁed problems either by looking around at others (’Awareness around’)
or by thinking about how they would do the various activities that they perform in
a day (’Imagine activities through the day). There were very few references made to
the category of Happiness/Satisfaction by either group, but the group WE was able
to identify more problems relevant to this category compared to the other group.
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Participants who had experience with the context made more references to problems/situations relevant to their empowerment, helplessness, safety and dignity. For
instance, while talking about how the whole hand was constrained even though only
a small part of the bone was fractured, one of the participants mentioned that it felt
like “collateral damage”. He could not move his hand for doing any work. Similarly,
other participants also quoted instances when they had to seek help from others.
Even though the words ’helpless’ or ’empowered’ were not explicitly used by the
participants, the narration of these experiences were interpreted to these categories.
As previously noted, the group WE made references to Empowerment and Happiness/Satisfaction consistently and for a longer period of time over the entire duration
of the interview as compared to the group NE.

3.7.4

Categories where the Diﬀerence in Number of References Between
the Groups was 75% to 100%

The only category where 100% of the references were made by group WE as
compared to group NE is ’Think about own experience’. The group WE identiﬁed
problems based on their personal experience. Figure 3.6 presents the number of
references identiﬁed by group WE.
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Figure 3.6. Categories where the diﬀerence in number of references between the groups was 76% to 100%: Thinking about own experience.

Although these categories did not witness a large diﬀerence between the number
of references made by the two groups, we can notice two trends. One, irrespective
of the experience, ’Dignity’ has not been addressed eﬀectively by both the groups.
This encourages the creation of a tool or probe that will help engineers think about
problems that may aﬀect the dignity of the user.
The second trend is that the novice engineers made many references to the working
details or technical aspects of the design, even though the problem was not welldeﬁned or framed. This is consistent with the results seen by Crismond and Adams
[145], where beginners converge more quickly to design solutions and spend less time
in the problem framing phase as compared to more experienced people. We can also
see from Figure 3.3 that group NE made more references to the technical details
during the ﬁrst half of the interview than group WE. This indicates that this group
was more inclined to quickly converge to a solution and proceed without spending
enough time on framing the problem. The participants were urged by the interviewer
to consider as many problems as they could think of. There were some similarities
and diﬀerences between the problems identiﬁed by both the groups that are explained
in the next section.
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3.7.5

Diﬀerences in Problem Identiﬁcation

Participants from the two groups identiﬁed problems in diﬀerent ways. Most of the
problems identiﬁed by Group NE were by observing their friends and other people
around campus and at other places. On the other hand, most of the participants
from Group WE immediately referred to their personal experiences while identifying
problems.
An exhaustive list of all the problems identiﬁed by both the groups is given in
Figure 3.7. Group WE identiﬁed more than twice as many unique problems as those
identiﬁed by Group NE. However, Group WE identiﬁed almost the same number of
obvious problems as those identiﬁed by Group NE. Most of the problems that can be
easily noticed around on campus were treated as obvious problems whereas problems
that are more likely to be identiﬁed with personal experience and are not easy to
notice were treated as unique problems.
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Figure 3.7. List of problems identiﬁed by the groups with and without
experience.

Group WE identiﬁed unique problems like diﬃculty stabilizing things with one
hand like tearing paper towels, applying soap and washing the other hand, and sore
armpits due to crutches interfering with the straps of the backpack.
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All participants unanimously agreed that having the experience would provide
one with more insight into doing such design tasks as were done during this study.
With more insight, participants from Group WE could better identify real problems
and work towards a solution. They mentioned that their experiences helped them
to identify unique problems that they may not have been able to identify otherwise.
These problems are inconspicuous inconveniences in everyday life that are diﬃcult to
notice otherwise. Some of the participants from Group NE ran out of ideas and had to
be prompted to think about their daily routine to be able to frame the problem. Some
of the participants from this group made statements, which showed that experience
would have been helpful to be able to relate better to the task. Some examples of
such statements include: “...cant even imagine this solution...”, “This would have been
easier had I had a cast”, “...sorry that I am having trouble coming up with ideas”.
This reinforces the importance of role-playing by the designer/engineer while doing
empathic design [28]. While they act as the user, they gain a better understanding
of the latent needs of the user.

3.7.6

Other Observations

Some other observations were made, but there was not much evidence in the interviews
to study these in detail.
• Co-evolution of problem space and solution space in design has been well documented in literature [146, 147]. Some aspects of this could be seen when participants would start deﬁning the problem, talk about solutions and deﬁne more
details about the problem and repeat this process.
• Although all the participants were novice engineers, some of them demonstrated
documented qualities of a novice engineer [148] more than others. At least one
of the participants started doing the design process step by step as it was taught
in one of the classes that (s)he had taken. When (s)he started to make decision
matrices to choose a design solution, (s)he was informed that the intention of
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the task is not to go through the entire design process but to frame the problem
and generate concepts.
• Some of the design concepts were presented using ‘analogical reasoning’. A
participant (Figure3.1) used phrases with analogy to explain design concepts,
for example, “like a pair of backward tongs” and “like a pair of scissors”.

3.8

Challenges

There were various challenges faced during the coding phase. Some of them are
presented below:
• It was very challenging to ﬁnd a statistic to use for Inter Coder Reliability, as
this process did not ﬁt the assumptions for most of the statistical processes.
However, Inter Class Correlation (ICC) has been calculated for the conclusions
drawn by each coder (which group made more references to a certain category).
The ICC is 0.667 and Cronbach’s Alpha is 0.816. SPSS has been used for the
calculations.
• Some of the categories included references that were ‘explicit’ whereas there
were other categories where the references were more ‘implicit’. Categories like
‘Think about own experience’ and ‘Awareness around’ were ‘explicit’ where it
was clear after hearing the references as to which category they belong. Some
other categories, for instance, and ‘Empowerment’ were ‘implicit’ categories.
The references that were coded into these categories were more implied. For
example, when a participant mentioned that ‘wearing oversized clothes seemed
awkward’ or that ‘one of the hands lost muscle mass and hair as it was in the
cast and looked bad’, these were coded as ‘Dignity’. The latter example was also
coded as ‘Health/Hygiene’. No explicit reference was made directly to ‘Dignity’.
The second coder had to learn how to look at the implicit references and code
them into the correct category. This required some training and discussions.
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• Some training and discussions were done to ensure that both the coders were
looking at the data in a similar way. However, it was diﬃcult to train for the
categories that were implicit and also had fewer instances when references were
made to them. This made it challenging to train the second coder for some
categories like ‘Dignity’ and ‘Happiness/Satisfaction’.

3.9

Conclusions
A study was conducted to examine how novice engineers use their experience or

lack thereof in a design context and if they are able to identify problems, especially
ones that are relevant to the user’s dignity, empowerment and perception of safety.
The design task was stated as: “The design task is to come up with design solutions
that can improve the life a person while her/his hand(s) and/or leg(s) are in a cast or
a sling”. The task was intentionally open-ended so the participants would be required
to frame the problem. Since compassionate design is more relevant in the problem
framing phase, an exact problem was not given to the participants. While they were
framing the problem, we could see if the participants were able to identify problems
in certain areas and if their experience played a role in it. The main results from the
study showed the experienced individuals possessed more insight and identiﬁed more
unique problems as compared to the inexperienced group. Based on the coding of
two coders, the experienced participants made more references to all the categories
which aﬀected user experience or user needs like their dignity, comfort, happiness,
safety, health, helplessness and empowerment. The number of references were very
few for categories like dignity, which indicates the need for a probe or tool to help the
designers/engineers think about such user needs. Group NE made more references
to Technical Details/Working of the design solutions, indicating less time spent in
framing the problem. Whether the participants looked at their own past or towards
others to identify the various problems was dependent on their prior experience.
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It is worth noting that even though qualitative coding and categories have been
used to analyze this data, the intention of this code is to understand the diﬀerences
between the two groups with and without experience. This study is exploratory and
at this stage, this code is not deﬁned and reﬁned for the purpose of using it in multiple
studies. The main intention of the paper is to explore the role of experience from a
compassionate design lens, and the code is only used as a means to achieve this.
Experience has an inﬂuence on problem identiﬁcation. Probes developed as a part
of the advancement of CDT can be used to guide the designers/engineers, whether
experienced or not to consider user needs, especially related to dignity, empowerment
and sense of security.
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4. SOCIALLY CONSCIOUS DESIGN
4.1

Motivation
With the overarching goal of helping the designer to better understand the needs

of the user, it becomes important to address how this topic can be taught to budding
engineers from social perspectives that incorporate a better understanding of diverse
lived experiences. An understanding of the interaction between human social issues
and design needs becomes important and addressing these needs is always critical.
This is true both, when the user needs are ascertained during the design process based
on user feedback and even when that is not the case. This realization and working in a
more cross-disciplinary way in thinking about engineering design education on these
topics was the main motivation that led to the development of Socially Conscious
Design (SCD).SCD has a broader spectrum than CDT as it is not intended for only
niche contexts where the dignity, empowerment or security of the user is considered
in great detail, but can be applied to any design contexts since there is always a social
context associated with any design. This work has been done in collaboration with Dr.
Sherylyn Briller, Professor in the Department of Anthropology at Purdue University.

4.2

Background
The main goal of this work is to ﬁnd ways to educate future engineers about the

intersection of human social issues and design needs and how these go hand-in-hand
in creating better user experiences. The study started with exploring the importance
of the said intersection and will culminate with expanding educational activities that
help to teach the key ideas, that emerged as a result of the study, to the students.It
is also important to make this type of thinking a natural part of the design process
and that students learn these skills during their undergraduate education [149].

84
A collaboration between the School of Mechanical Engineering and the Department of Anthropology at Purdue University helped facilitate this project. The overall
broader goal was to develop a collaborative research program to examine how we can
cultivate a human-centered approach when engineers and others consider design problems. Speciﬁcally, the purpose of this initial project is three-fold: 1) collect a set of
pilot data relating to creating a new interdisciplinary framework for guiding socially
conscious design, 2) develop a strong working relationship across units, and 3) collect
preliminary results that would be used to enhance engineering students’ curriculum
at the intersection of social science and design thinking.

4.3

Literature
Human centered design is an interdisciplinary concept that provides for the needs,

both articulated and unarticulated, and experiences of users [150]. The methods encourage designers to consider the meanings that stakeholder communities place on
artifacts with the goal of ensuring that designs express those meanings [32]. In other
words, products and systems should be designed so that they are physically, perceptually, cognitively and emotionally intuitive [150]. This approachnot only focuses on
the end user but on all the stakeholders related to the design. In eﬀect, the human
is kept at the center of every stage of the design process.
Anthropology is a discipline where the focus is on ‘humans’. The disciplines of
‘Design’ and ‘Anthropology’ have distinct histories, identities and methods and a collaboration between the two will help in reaping beneﬁts from both the disciplines [36].
‘Design Anthropology’ has been explained in Gunn and Donovan’s [36] book as:
“Design Anthropology is an emergent ﬁeld concerned with the design of technologies that build upon and enhance embodied skills of people, through attention to the
dynamics of performance and the coupling of action and perception (as against the
more traditional focus on mental computational operations). This area of research
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cuts across a wide range of ﬁelds from industrial design, through human movement
studies and ecological psychology, to sociocultural anthropology.”
Design anthropology is related to diﬀerent ways of thinking, understanding, designing and using [36]. It is also related to understanding people and reframing
relations between people involved with the design [36]. It crosses the boundaries
between anthropology and design related disciplines like industrial design and engineering design. Design anthropologists collaborate with designers to explore design
methods for situations and the social context associated with them [35, 36].
In this collaborative project between engineering and anthropology, the Delphi
Technique [151–159] has been instrumental in arriving at a consensus about teaching
SCD to the students. The Delphi technique is a qualitative method that is used to
gather information from various experts or exemplars and then arrive at a common
conclusion or consensus. As deﬁned by Lambert et al. [156]:
“The Delphi Technique is a qualitative method for gaining input from recognized
sources of expertise, and for developing a consensus or conﬂuence of views. In a
sense, it is interviewing at a distance, broken into two or more successive rounds. It
is typically used to elicit information, suggestions, and judgments from a dispersed
and heterogeneous group of specialists on an issue of interest to all of them, but where
there may not yet be a clear agreement on the shape of the issue.”
A set of experts, who were nominated by an advisory board, details of which are
presented in the next section, participated in this study that employed the Delphi
technique.This technique helped to start at broad ideas from all these experts and
narrow down the list of these ideas and concepts with every round of the Delphi. The
intention is to arrive at a common conclusion based on the information shared by the
experts and then incorporate its essence into the engineering design education.
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4.4

Methods
Through the work on CDT, a set of key case studies had been identiﬁed where the

engineer/designer showed special interest in enhancing user experience, especially in
sensitive contexts where the user had a high level of emotional engagement. These
engineers/designers displayed the ability to deeply consider human social issues and
design needs and address these issues through their innovative designs that have received acclaim. Hence, these cases served as the starting point for understanding
the thinking of those whose designs better take into account diverse human experiences, abilities and needs. The intention was to understand the thinking and look
for common themes that surfaced across all of them in terms of critical thought processes that could be further incorporated into engineering design education. These
common themes were used to create a set of guidelines for the advisory board to
nominate experts who would participate in the study done using the Delphi method.
One of the signiﬁcant advantages of using the Delphi method is that it can be used
without face-to-face meetings yet still foster the similar results as those with group
brainstorming and discussions. The next section provides a detailed description of
the various stages of this study.

4.4.1

Data Collection and Various Stages of the Delphi Method

The Delphi method has been used as the primary method for conducting an
exploratory study to understand the main ideas that deﬁne SCD and identify the
key ways of teaching it to future engineers. The research team conducting this study
consisted of four female researchers; two professors and two graduate students, from
the school of mechanical engineering and the department of anthropology at a North
American university. This exploratory project has been planned and conducted in
various stages. The various stages for this project are listed below:
• Identifying criteria to select exemplars: The case studies from CDT were
qualitatively analyzed by the research team to better understand the thinking of
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the designers/engineers who designed better experiences for the users. Common
themes that surfaced from this analysis helped to generate criteria for identifying
exemplars for the Delphi study. The exemplars were either identiﬁed from the
case studies or were nominated by the Advisory Board based on the criteria
given to them.
• Advisory Board: An Advisory board was established for this project. This
board includes experts in the ﬁelds of design and education who are well versed
with innovative design thinking that considers how human social issues and design needs are related. The Advisory Board provided feedback on the criteria,
helped in nominating various exemplars for the study and also provided feedback for questions to be asked in the ﬁrst round of Delphi. A ‘Welcome packet
was sent to the Advisory Board to provide more information about the study
to them. This packet included an overview of the grant, the study, introduction
to the research team, criteria for nomination of exemplars, form for nominating
people, plan of research activities and culmination meeting at Purdue University.
• Nomination and contacting exemplars: The Advisory Board was presented
with the Expert Nomination Task. This task included the criteria and a form
where they could nominate the experts. The Expert Nomination Task is given
in Figure 4.1.
After receiving the nominations, an invitation to participate was sent to the
nominated experts. This invitation included an overview of the research study,
the reason for contacting them and information about compensation. They were
asked to respond to the invitation indicating their interest in participation. 15
experts participated in this study.
• Delphi Round 1: The 15 participants who indicated that they were interested
in participating were contacted and the consent form and questions for the ﬁrst
round of Delphi were provided to them. The intention of the questions in this
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Figure 4.1. Expert Nomination Task provided to the Advisory Board.

round was to get a broad overview of the experts thoughts about human social
issues and design needs and also understand how they considered their own
work in this area. The questions were broad and open ended, so the participant
could provide more information. The questions for Delphi Round 1 were:
1. In what ways are human social issues and design needs related?
2. What is the importance of understanding this intersection?
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3. Thinking about your responses to #1 and #2, how do you use these ideas
in your work?
4. Please describe any examples from your work and other experiences that lie
at the intersection of social issues and design, and your motivations that
inspired their development.
5. Please provide any other feedback or comments you wish to share at this
point.
• Delphi Round 2: The list of codes obtained from Delphi Round 1 were used
to brainstorm questions for Delphi Round 2. The main goal of this round was to
seek the experts’ opinions on communicating the key ideas about the relationship between human social issues and design needs in design education. They
were also informed that their responses would help inform new developments
in the curriculum for engineering design education. The questions for Delphi
Round 2 were:
1. What do students need to learn about the relationship between human social issues and design needs while in school? Please list at least three key
topics/areas and describe why you consider them to be priorities. Feel free
to list as many areas as you would like.
2. Based on the areas you identiﬁed, please comment on or imagine what
might be some key educational experiences and skills to include.
3. In your opinion, how should the social impact of design be conveyed through
design education? How do you get students thinking about the social impact
of their work and its importance as future designers?
4. Please provide an example of a design that you consider to be an extreme
success or failure in terms of considering the relationship between human
social issues and design needs. This could be an example from your own
work or not. If you were teaching about lessons learned from this example,
what issues would you discuss?
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5. Please provide any other feedback or comments you wish to share at this
point.
The questions in this round more speciﬁcally sought information pertaining to
design education. The participants were also encouraged to provide examples
from their own work that reﬂect the relationship between human social issues
and design needs.
• Delphi Round 3: Similar to the previous round, the main ideas from round 2
were used to create the ﬁnal set of questions to be answered by the experts. This
set of questions addressed speciﬁc topics relevant to curriculum development
that had emerged as the key ideas from the previous rounds. The participants
were given a list of topics and had to answer questions about them after selecting
at least four topics that they thought were important. The participants were
asked to choose at least four topics and answer questions about them, as given
below:
Below is a list of topics and themes for design education that came up multiple
times in the study. From the list below, please identify at least four topics that
you think are important to cover in engineering design curriculum emphasizing
human social issues and design needs. Please answer the questions that follow.
Feel free to combine topics together. We encourage you to think broadly about
how these topics can be taught in creative and new ways.
– Design mindset towards problem solving
– Insight into human needs
– Design Innovation
– Social responsibility
– Creating sustainable solutions
– Social impact
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– Creative approaches to complex issues
– Engaging with multiple stakeholders
– Thinking out of the box
– Seeing the world from diﬀerent perspectives
– Other: Choose your own topic
The participants were also instructed to brieﬂy state the reason behind their
choice and their familiarity with the topics that they had chosen for this round.
For each chosen topic or a combination of topics, they were asked to answer the
following questions:
1. How can this topic be taught inside the classroom?
2. How can this topic be taught outside the classroom?
3. What would you consider evidence of successful learning? For example,
what would a student who successfully learns these skills be able to do in
practice? How would the skills learned inside and outside the classroom
translate to practice?
A summary of the key questions asked in the Delphi rounds is given in Figure
4.2.

92

Figure 4.2. A summary of the key questions from the Delphi study.

• Interviews: In addition to participating in the three rounds of the Delphi
study, all the experts were invited to participate in an interview, which was a
follow up to the study. The purpose of the interviews was to provide an opportunity for the participants to present a holistic view of the entire story relevant
to their design/product or teaching experiences, lessons that they learned, challenges that they faced and their vision for future engineers who will be designing
various experiences for their stakeholders. The whole interview was conducted
in a semi-structured format. The participants were asked some demographic
questions about their personal and professional backgrounds in the beginning,
which helped to set up the context for the conversation. Following that, an
open-ended format was used to ask several deﬁnitional questions to them about
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socially conscious design and what this term meant to them. In stages, they
were then asked to tell the detailed story of how their product was envisioned,
designed and created. In eliciting this narrative, the interviewer asked and
probed about a series of speciﬁc topics including the inspiration for the product, how this vision was researched and pursued, what stakeholder groups and
others were consulted with, steps in the conceptualization, design and product
creation, funding and logistical and other issues that arose and so forth. Another part of the interview focused on advice that the interviewee would give to
someone embarking on creating this type of need-based product for a sensitive
design context and what important lessons they learned during the design process. The last part of the interview focused on how things should evolve in the
development of socially conscious design, what they think engineers and other
design students need to know, and solicit additional ideas for the new design
framework.
All the interviews were audio recorded, transcribed and analyzed qualitatively.
A qualitative data analysis software, NVivo was used by some researchers on
the team analyze the data.
• Compensation: The participants were compensated for participating in each
round of the Delphi and the interview.
• Demographics survey: A survey to collect demographic information was sent
to the participants, with the questions for Delphi Round 3. The participants
were requested to answer the following questions:
– Name
– Gender
– Age (years)
– Ethnicity
– Race
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– Nationality
– Disability status (Please describe.)
– Highest educational level
– Discipline/Field of study
– Current position
– Institution/Organization
– Please brieﬂy explain any prior experience in ’design’ (research, education,
industry experience etc.) including number of years and kind of experience.
– Email
– Please attach your CV or resume.
This information was collected only for informational purpose. The questions
were not mandatory and the participant could any questions that they were not
comfortable to answer.
• Advisory Board Meeting: The advisory board was asked to provide input
at various points in the project (e.g. language used in the Delphi questionnaires that were sent out). A live day-long advisory board meeting took place
following the data collection phase and the advisory board members were also
compensated for their continued feedback and time.

4.4.2

Demographics

Demographic information was collected during the last phase of the study. Eight
participants completed the demographic survey. The participant pool was diverse, including experts from academia and industry, international participants from multiple
nations, which helped in providing breadth and richness to this study. Some of the
experts have extensive experience in various job roles and have moved between academic and industrial environments. The information presented below is aggregated
based on the responses from the 8 participants who completed the survey:
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• Gender: 2 female and 6 male
• Age (years): 31 years to 67 years
• Ethnicity: White, Hispanic, Polish, American, British, European
• Race: Caucasian, White
• Nationality: American, British, Polish, Belgian
• Highest educational level: PhD, Masters (in some cases, 2 or 3 masters degrees)
• Discipline/Field of study: Engineering, design, industrial design, business, architecture, marketing, ﬁnance, industrial ecology, environmental management,
textile and apparel management, occupational therapy
• Current position: Professor, lecturer, instructor, owner, entrepreneur, founder,
sr. staﬀ engineer, Phd candidate

4.5

Data Analysis
The data gathered from the Delphi methods were inductivelyanalyzed. Each round

was analyzed iteratively till consensus was reached. Typically the researchers started
with coding the responses individually. This was followed by discussions between the
researchers to bring the common codes together and reach consensus. The coding
scheme was developed as the analysis was conducted. The details of analyzing each
round are presented below:

4.5.1

Delphi Round 1

All the 15 participants completed this round of the study. After receiving the
responses for these questions, the team performed qualitative analysis. There was no
common coding system decided prior to the coding activity. Each researcher coded
the responses separately. These codes were main ideas or topics addressed by the
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participants. Then the research team discussed their codes to reach consensus and
narrowed to a common list of codes for this round. The following guideline, created
by one of the researchers, who is an anthropologist, was used for identifying key ideas
and themes in round 1:
• Think about how participants deﬁne and draw on these concepts of human
social issues and design needs.
• Note similarities/diﬀerences among participants in how diﬀerent types of respondents discuss and employ these concepts (e.g., social entrepreneurs, educators).
• Think about what accounts for variation were found: (e.g., how these patterns
are shaped by: background/experiences/perspectives/education).
• Compare with the working deﬁnitions as operationalized earlier in the Expert
Nomination Task Criteria and extant literature.
• Consider how can we use what we are learning from round 1 analysis in creating
round 2 questions.
• The goal at the end of round 1 coding is to identify preliminary common ideas
from the experts’ responses about the intersection of human social issues and
design needs that relate to mechanical engineering students new curriculum
development
This list of key ideas identiﬁed in one round was used as a basis to inform questions
of the subsequent round. The key ideas from round 1 were used to frame questions
for round 2.

4.5.2

Delphi Round 2

14 participants completed round 2 of this study.A preliminary analysis done by
the researchers was used to establish a set of main categories that represented the in-
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tersection between human social issues and design needs. With these main categories
in mind, another round of analysis was done where common ideas from the responses
were collected and used to create a list of sub codes. Each set of sub codes were
then used to support and create a deﬁnition the main code category. All the codes
along with the deﬁnitions, sub-codes and illustrative quotes are presented in the next
section. Based on the Delphi method, the key categories from round 2 were used to
frame the questions for round 3.

4.5.3

Delphi Round 3

This was the ﬁnal round of the study , where the goal was to ﬁnd the core ideas
that lie at the intersection of the human social issues and design needs based on the
consensus from the majority of our experts. 11 participants completed this round
of the study. Since the participants were asked to choose at least four themes or
concepts from the ten that were given to them and then elaborate about teaching
them, the ﬁrst step was to count how many times each category was chosen by the
experts, in order to know the top ones. Once the top three categories were ﬁnalized,
the next step was to analyze the responses for these categories.
For each of these three categories, the responses to each question (teaching inside
the classroom, teaching outside the classroom and evidence of successful learning)
were analyzed separately. All of the ideas from the responses for each of these questions were gathered and are presented in the results section. Some information about
the background of the experts is also presented with their quotes in order to give context to their response. In each of these categories, one expert’s fuller perspective on
the topic is presented along with her/his background to give a more holistic picture of
their thought process and illustrate how their background is instrumental in shaping
their ideas on teaching the intersection of human social issues and design needs.
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4.6

Results
The results from analyzing each round of the Delphi study are presented in this

section. Delphi round 1 has a very wide range of topics and ideas about the relationship between human social issues and design needs. The results from round 2 focus
on ideas for design education on teaching about this key intersection.Results from
round 3 narrow down the main takeaways from this study: the main topics which
were considered to be most important by the experts and how these can be taught to
the students.

4.6.1

Delphi Round 1

The data from this round was analyzed and coded to generate various themes.
These themes were then grouped into seven categories. The categories and themes
from the qualitative analysis of data in round 1 are listed below:
• Design Relevance: how design matters for addressing key social issues, needs or
problems
– Needs
– Social Issues
– Social Problems
– Thinking about real problems
– Social Interactions
– Role of design
– Insight
• Design Stewardship: considering the broader scope and impact of design
– Motivation
– Cognizant
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– Ethics
– Responsibility
– Ownership
– Value
– Power
– Impact
– Sustainability
– Change
• Design Stakeholders: contemplating those inﬂuenced by a design
– Users
– Communities
– Populations
• Design Approach: ways of thinking about and doing design
– Identifying, Problem Scoping
– Understanding
– Framing, Reframing
– Addressing/Tackling
– Deﬁning
– Translating
– Decision-making, Assessment
– Solving
– Universal Design
– Structured process and methods
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• Design Considerations: ideas to keep in mind while doing design
– Socio-economic
– Economic
– Entrepreneurship, Marketing
– Time
– Partnership, Collaboration
• Design Evaluation: ways for assessing design
– Function
– Performance
– Aesthetics
– Quality of Life
– Ideas of success and failure
• Design Paradigm Shift: “out of the box” thinking that may result in great
impact, usually not achieved via incremental change
– Inspiration
– Innovation
– Imagining and realizing the future
Many expert participants referred to the ideas of relevance of design to needs,
socio-economic problems, social problems and social interactions.Various examples
and descriptions provided by the experts included concepts like deﬁning things, solving, framing and thinking about real problems. Many of them emphasized on the importance of designers/engineers understanding their responsibility and realizing the
impact that their designs may have. There were also references to ideas of success
and failure and value of the design. Other ideas like resources, entrepreneurship, marketing, business, sustainability and partnership were also mentioned. The responses
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that mentioned insight and motivation were also interesting from a CDT perspective.
The main ideas that have been described here were used to form questions for round
2.

4.6.2

Delphi Round 2

The results from the analysis of this round have been summarized in Tables 4.1a
to 4.1j. The quote is used to provide an example of what the expert said about
this category. The sub codes and deﬁnition help to provide a deeper insight into the
main code category. The codes that emerged covered a wide range of topics related to
design. According to the experts, it is important to have a ‘Design mindset towards
problem solving’ and ‘Thinking out of the box’ when approaching a problem. They
have also emphasized the importance of understanding the stakeholders in design by
talking about developing ‘Insight into human needs’, ‘Seeing the world from diﬀerent
perspectives’ and ‘Engaging with multiple stakeholders’. It is valuable and important
for the approach to include ‘Design innovation’, ‘Creative approaches to complex
issues’ and ‘Creating sustainable solutions’. It is also critical that the realization of
’Social impact’ and sense of ’Social responsibility’ underline the approach throughout
the process. An explanation of these main themes or coded categories with deﬁnitions,
sub-codes and examples is presented in the Tables 4.1a to 4.1j.

4.6.3

Delphi Round 3

Using the Delphi method, the ﬁnal round of the study is intended to arrive at
a conclusion based on the consensus received from the participants and elaborate
further on some of the ideas, that were generated in this round, to be added to the
engineering design education. The topics that were most discussed by the experts
have been chosen for elaboration in this section. While all the topics that were
presented in the questions for round 3 are of value in understanding the intersection
of human social issues and design needs, the top three, based on the data from the
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Table 4.1a.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Design mindset towards problem solving.
Main

Deﬁnition

Sub-codes

Example Quotes

Code
Design

Holistic way of

mindset

thinking

about

towards

design

consid-

problem

ering

various

solving

aspects
tion,

(func-

aesthetics,

socio-cultural,
economic)
broadly

that
inﬂu-

ence a designers
approach
problem.

to

a

“...a deep understanding of de• Holistic view of design
• Broad approach to thinking about
diﬀerent aspects like functional, social, business in context
• Systems perspective

sign, writ large.

What is de-

sign, how is it accomplished
from concept to ﬁnal design,
and how is it inspired by the ultimate user?”

• Deep understanding

“This means the packages were

• Frame creation

not designed for people with dif-

• Systematic approach to problem-

ferent types of ages and illness.

solving

The package was mainly designed for the product. This example presents the lack of holistic view on a project.”
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Table 4.1b.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Insight into human needs.
Main

Deﬁnition

Sub-codes

Example Quotes

Code
Insight

A

into

intuitive

deep

human

derstanding

needs

people and their
lives,
by

and

“...design for human social is-

un-

• Who the design is for?

sues needs to begin with those

• Capacity to understand how some-

who are being served.

of

informed
real

world

to them. Learn from them. It

thing ﬁts into peoples lives
• Linking

to

real

world

ences/situations

Listen

experi-

needs to be about them ﬁrst and
foremost.”

• Observation and experience

“Learning by experience can re-

servation of users

• Listening and learning

sult in more engagement from

in

the

context

• Diﬀerent perspectives

the students and in gaining gen-

of

use,

ability

experiences,

ob-

• User in the context of use

uine insight in the situation.

empathize

• Use and experience patterns

This way they may longer re-

with them and

• Inclusivity, inclusion of users

member its social impact.”

reasoning behind

• Empathy

to

why a design hits
the mark.
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Table 4.1c.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Thinking out of the box.
Main

Deﬁnition

Sub-codes

Example Quotes

Code
“Maybe a small example, but

Thinking

Diverse

out

non-traditional

• What drives change

I read about some police oﬃ-

ways of thinking

• Design challenges to tackle

cers in some European coun-

that

• Making radical change

try a few years ago that were

of

the box

and

consider

• Going beyond hitting the mark

having trouble with repeat of-

a broader frame

• Raising the stakes

fenders parking their bikes in

to create radical

• Considering adjacencies:

possibilities with

changes.

What is

parallel to what you are exploring
• Avoiding short-sightedness of many
apparent solutions

places they shouldn’t. The police force raised the stakes again
and again to no avail- then
they switched tactics and be-

• Alternative design solutions

gan airing up tires, cleaning

• Unique features

seats, and leaving a note asking
them nicely to park elsewhereoﬀenses dropped dramatically.”
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Table 4.1d.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Social responsibility.
Main

Deﬁnition

Sub-codes

Example Quotes

Code
Social

Being

responsi-

about

bility

and
about

“Perhaps the best way to instill

mindful
context
intentional
decisions

with the realization that design
has the power to
impact living and
often social consequences cannot
be reverted.

• Realizing that design has the capacity to change attitudes and enhance
living
• Understand explicit and implicit responsibility with creating design solutions in light of diﬀerent values,
motivations, experiences and abilities
• Learning through deeply engaging
experiences which may make one
mindful of the context, value it and
account for it in the design process
• Being intentional about decisions
and trying to direct it towards good
• Thinking about consequences and
use of power to inﬂuence behavior
• Being mindful that often social consequences cannot be reverted, especially when they are negative
• Being armed with a deep design ethic
will help in making better decisions
not be afraid of challenging the status quo
• In humanitarian logistics, solutions
are beyond the development of one
single product

a sense of responsibility for the
social impact of design is to create a “design ethic” within the
community of students. A design ethic, would operate much
like the Hippocratic Oath...”
“Everything we do has consequences, and when you’re given
a sort of power of being able
to use design to inﬂuence behavior on a large scale, theres
a measure of responsibility that
has to come with that as wellto use your powers for good
as it were, and to be INTENTIONAL about every one of
their decisions.
“The social consequences of design and innovation may not
be fully determined until after
some time, but then it is hard to
put the genie back in the bottle
if they are negative, or to balance the negative with the positive.

106

Table 4.1e.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Design Innovation.
Main

Deﬁnition

Sub-codes

Example Quotes

Code
Design

Thinking openly

Innova-

with

tion

frame that facil-

a

itates

broad

creating

alternative

de-

sign solutions by
either

creating

new

technol-

ogy

and

then

a

leap

taking

to link it with
real problems or
identifying

real

problems

ﬁrst

and then creating
new solutions.

“Practice developing questions
• An alternative solution

and ﬁnding issues that require

• Person’s ability to link social needs

solutions through research and

to design solutions

personal interviewing.”

• Develop solutions with rationale

“Practice mapping technolog-

• Ways of developing solutions with ra-

ical spaces and user social
spaces to determine market en-

tionale
• Multiple ways of approaching the design innovation

try points for a technology.”
“Knowing the forces that govern behavior and thoughts in

– Problem based
– Developing new technology
and ﬁnding spaces for it
• One possibility is completely new
(Creating X)
• Second possibility is a new better
way of problem solving for a particular solution (I come up with a better
solution Y for a speciﬁc problem)
• Third is new linkages- so matching
technology to design problem- making a connection that didn’t exist before (How about putting X and Y together in a novel way?)

groups would greatly enhance
a persons ability to link social
needs to design solutions.”
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Table 4.1f.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Social impact.
Main

Deﬁnition

Sub-codes

Example Quotes

Code
Social

Recognizing that

impact

design

has

the

power to change
lives

and

en-

gaging with the
context of use to
immerse

oneself

and

empathize

with

the

users

to create designs
that aﬀect them
on
ual

an
or

individgroup

level and/or the
society at large.

I think that the social impact
• Concern with quality of life and experiences of people
• Recognize the power of design and
use it as a tool to make radical
changes
• Internalize that social impact is the
driver for design

of design is best conveyed when
they can see it with their own
eyes (or at least hear stories
ﬁrsthand from people).

Get

them out of the classroom. Get
them to see how design really
does impact people.

• Be socially engaged to start with

But to get students to think

• Immerse oneself, embrace experienc-

about the social impact of their

ing the use context and empathize
with users to create impactful designs
• Learning by experience can result in
more engagement and in gaining genuine insight into the situation which
helps in longer remember its social
impact
• Taking holistic view of how a product, service, package developed will
impact, and who will be in fact impacted, and for how long

work it needs to be embedded into their design challenge.
[An]example of a design challenges that my students have
tackle[d][is]:...How can we help
families move or transport their
goods?

In group one-on-one

feedback with the instructor the
design challenge question is
brought up many times, in order to help the teams internalize that the social impact is the
driver and reason for the designs and engineering work that
they are doing.
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Table 4.1g.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Seeing the world from diﬀerent perspectives.
Main

Deﬁnition

Sub-codes

Example Quotes

Code
Seeing

Appreciating

the world

diﬀerent

from dif-

of

ferent

life

“Speciﬁcally, they should learn

ways

experiencing
and

using

perspec-

multiple vantage

tives

points to understand

what

is

needed to generate new designs,
even for contexts
where you do not
have experience.

• Openness to considering diﬀerent
perspectives that help create the appropriate frame for design
• Thinking about contexts and situations where you do not have experience and learning to decipher them
• Understanding

and

empathizing

with the needs of the people they
are designing for
• Sensitizing designers and decision
makers
• Learning that not everyone has the
same abilities, needs and experiences
as themselves
• Stepping into the shoes of the people
they are designing for
• Experiencing social, cross-cultural
and communication issues through
team work
• Learning to tease out speciﬁcs encountered in unfamiliar experiences
and interpret them

to

understand

the

meaning

through the eyes of those being studied and then ladder
from the deep societal or social problem up to the solution space in designs.” “Childresistant packages were developed to protect children of getting poisoned when accessing
chemical household products or
medications. The lack of holistic view, though, created a problem for senior adults who need
to access the same products.”
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Table 4.1h.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Engaging with multiple stakeholders.
Main

Deﬁnition

Sub-codes

Example Quotes

Code
Engaging

Involving

with

holders

in

stake-

multiple

design

process

stake-

by collaborating

holders

with

the

them

to

understand their
perspectives and
create

design

solutions

that

address

their

needs (including
unarticulated
needs).

“If you don’t live with Parkin• Involving stakeholders as much as
possible in the design process to
make them co-owner of the design solutions
• Involving users, talking to people,
observing them or experiencing problems in practice
• Speaking to actual users, rather than
assuming you know what will work
best for a user
• Immersing yourself and embracing
the situation to hear and empathize
with those actually experiencing an
issue thus picking up unarticulated
needs
• Considering a range of design approaches (e.g. universal design, usercentered design, inclusive design)
that help to involve diﬀerent stakeholders in the design process
• Working together with stakeholders
using social and cooperative skills,
discussing their needs, and brainstorming design solutions

son’s disease, you may not realize how diﬃcult it would be to
manipulate a small device.

I

work with people with Parkinson’s disease all the time, and
even I would have chosen a
smaller footprint if I had not interviewed the patients and obtained their feedback. I learned
that no matter how well I think
I know my target market, it is
still important to obtain actual
user input.”
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Table 4.1i.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Creating sustainable solutions.
Main

Deﬁnition

Sub-codes

Example Quotes

Creating

Holistically

Paying attention to or considering

“Cell phones have not been de-

sustain-

considering

able

the

Code

solutions

signed for product and resource
• Economic aspects

recovery. This is a major fail-

• Product life cycle

ing. In the US alone well over

• People

one half million cell phones are

• Environment

discarded every day. Materials

ment, people,

• Social

in these products are diﬃcult to

community,

• Use of resources

extract and recover and there is

resources and

• Return of the products at the end of

no well-designed system to do

ship

relationof

artifact
its

an
with

environ-

economics
throughout
the

design

process.

the cycle

so. Arguably, a system might

• Reducing complexity in things so they
are not junk when even simple things
go wrong

have been developed, had the
full life cycle of the phone been
a primary consideration at the

• Making the product sustainable in the
local community- of and from- the community is self suﬃcient resources come
from there and go back there

very onset of the design process.
Had consideration of the recovery of the device and the materials within it been a key ele-

• Design with the resource availability of
a community in mind to make the product sustainable

ment of the initial design brief a
more innovative solution might
well have been developed.”

• Adapted to the needs of its future
users- by ﬂexibility in designs

“Sustainability: Because many
modern items are complex, they

• Flexibility in designs

are junk when even simple

– How we design our products

things go wrong.

– Materials

is then diﬃcult to recycle and

we

embed

within

them
• Planning for the extension of use
of products through the average life
course of a population
• Understanding materials and how their
extraction and conversion took place
• Furthermore, it is not only about the
use of resources, but also about the return of the products in the end of the
cycle

The waste

involves long chain processes
around the world.”
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Table 4.1j.
Delphi Round 2 Analysis: Deﬁnitions, sub-codes and example quotes for
the code: Creative approaches to complex issues.

Main

Deﬁnition

Sub-codes

Example Quotes

Code
Creative

Acknowledging

ap-

that

proaches

can

to

plex based on

com-

problems
be

plex

the

issues

competing

com-

context,

ethical,

sopolitical,

technological
and

economic

considerations.
Coming up with
unique
original
to

• Complicated problems may diﬀer
• Complex problems may not be adequately addressed by rational prob-

and
ways
navigate

through human
and technologi-

(unlike com-

plicated problems that can be addressed in diﬀerent ways...)”
“If you want to use a local play-

• Complex issues arise when you have
to prioritize user needs in relation to

ground, by the time you have organised the child to go out, you
might have a restricted time - there

each other
• Designing for not-well-understood
subjects may cause add complexity
• Finding the right balance between
competing needs, e.g.

problems. Social issues are mostly
complex problems.

from complex problems

lem solving

user needs and

cial,

“Design is able to address complex

relating to

functional and emotional need of
the user
• Anticipating real world scenarios
and what may not be well understood yet

is no possibility of combining the
trip with anything else. Any journeys have to be planned around the
traﬃc. At key points in the day an
8 mile journey can take 45 minutes to an hour. There is always
a risk that travelling to the local
supermarket, or the local hospital
- which children have to do fre-

cal complexities

• Design trade-oﬀs

quently - could take that length of

of the problems

• Consider intended and unintended

time. Because the equipment also

that are solved.

product misuse
• The power of the design team- value
of diverse perspectives for thinking
about complex issues
• Deciphering what is encountered
and meaning-making
• Distinction between observations
and interpretations
• Picking up on the unarticulated
needs
• Translating user needs into opportunities (creative step)

involves gas cylinders public transport cannot be used (even if it were
reliable).

The consequences are

that family life is very strained and
these restrictions have a detrimental impact on the development opportunities for other children in the
family, especially as there are other
care needs to attend to.

Within

the house the requirement for the
ventilator to be plugged in makes
play also restricted and diﬃcult.
The equipment has been designed to
keep the user alive, but less attention has been paid to the needs of
the user.”
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experts are: ‘Social responsibility’, ‘Engaging with multiple stakeholders’ and ‘Seeing
the world from diﬀerent perspectives’. The number of times each topic was chosen
by the experts is presented in Table 4.2.

Table 4.2.
Summary of the number of times each topic was chosen by an expert in
Delphi Round 3.

Topic

Count

Social responsibility

6

Engaging with multiple stakeholders

6

Seeing the world from diﬀerent perspectives

6

Social impact

5

Insight into human needs

5

Creating sustainable solutions

4

Design mindset towards problem solving

4

Thinking out of the box

4

Design Innovation

4

Other: Choose your own

2

Creative approaches to complex issues

1

Common ideas that resonated across the various responses for teaching these topics are : use of case studies, projects and direct interaction with the user.While these
approaches are currently employed in design education in diﬀerent ﬁelds, a need still
exists to: 1) create new and deeply meaningful educational experiences to better
teach about why and how the relationship between human social issues and design
needs matters and 2) infuse these ideas throughout the engineering design curriculum. In thinking about creating new forms of design education, we ask these experts
to reﬂect on what guides their design process and how they consider diﬀerent human experiences, abilities and needs. For training a next generation of engineers in
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design mindset and skills, we ask them to envision how we can amplify curriculum
development in this area. Hearing similar ideas about critical thinking skills from
academics, industry professionals and experts from diﬀerent disciplines who walk the
bridge between the two, reinforces the value of these topics in diﬀerent contexts and
areas of design, (e.g. engineering, architecture, fashion) but at the same time, their
responses highlight how they approach the same topics in diﬀerent ways.
The analysis for each of the chosen topics is presented in four sections:
• Teaching inside the classroom
• Teaching outside the classroom
• Evidence of successful learning
• A holistic view of the topic from the perspective of the expert
– Expert’s response to teaching the topic inside the classroom
– Expert’s response to teaching the topic outside the classroom
– Expert’s response to evidence of successful learning of the topic
The ﬁrst three sections presents a collection of ideas from responses of the various
experts. Following this collection of ideas, we present the complete response of one
of the experts to this topic along with her/his background. This section starts with a
brief summary of the expert’s background, so that her/his responses can be contextualized. We have used a pseudonym for the expert in each story that is presented. Such
a presentation of the story with background and responses together helps in painting
a complete picture of the topic from the viewpoint of the expert and helps in promoting a holistic understanding of the topic. It will also help us in better understanding
her/his overall approach as well as the examples that (s)he has provided.
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4.6.3.1

Social Responsibility

• Social Responsibility: Teaching inside the classroom
Common ideas about teaching ‘social responsibility’ that surfaced from the experts’
responses were lectures, discussions, case studies and projects. Lectures can be used
to teach about “ethics and moral issues in design, technology and economics” and
everything from “market-driven initiatives to fully altruistic” ones. Students could
be given “examples of investment/reward structures” and “resources like books and
blogs and the best minds today talking about the issues that matter”. Discussions
about the potential of positive and negative social impacts or risk and rewards of
various designs and methods can help the students to think about these and come
up with ideas to “mitigate these impacts and advocate for social responsibility”.
Examples, projects and case studies “can help students to understand the social
impact of design projects on peoples lives, in a positive as well as negative way”.
In addition to being conscious about economic and environmental responsibilities,
we should be conscious of the social impacts of the designs or solutions. Presenting
case studies where the livability, usability and success of projects were aﬀected
as the social aspects were not considered suﬃciently, will help in illustrating the
importance of social responsibility.
• Social Responsibility: Teaching outside the classroom
A key idea to teach ‘social responsibility’ outside the classroom that resonated
across the experts’ responses was to let the students visit the communities or organizations and interact with the populations for whom they will be designing. It is
important for the students to learn that designs cannot be created just with their
perspective and in isolation because they impact other people and the society at
large.
Direct interactions “let students experience the impact of design decisions on the
social dimensions of a project” and gain insights. Further, “testimonies of people”
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will help in understanding the problems and how the designed solutions “can initiate
changes in the daily lives of the people, in a positive as well as negative way”.
Another expert who is also an entrepreneur with a consulting practice and a background in design emphasizes that doing is the best way to learn and says, “I cant
think of anything other than doing it. Rake leaves, ﬁll backpacks, answer phones,
clean bathrooms...there really is no shortcut to experiencing the work and meeting
the people that need the help face to face in a personal and edifying way”.
• Social Responsibility: Evidence of successful learning
Our experts indicate that students who understand social responsibility will be able
to demonstrate this knowledge in advocating the mitigation of risks (for negative
impacts) in case studies, projects and oral examinations. Considering “social as
well as economic and environmental sustainability... from the start of the project
in order to make responsible design decisions” in projects “will be visual proof of
(their) understanding” and practice of the same.
Further, continuous practice may help the students embed this thinking in their
working habit. We will be able to notice “a change in attitude/expectations towards
the aﬀected people group” which could lead to a “new social responsible initiative”
or establish “Social enterprise”. The other expert who has a consulting practice in
design says, “Youll know if someone really practices, because they wont be able to
not care.”
• A holistic view of ‘Social Responsibility’ from the perspective of one
expert
Here, we will be highlighting the story and background of Robert, who is one of the
experts, to give an example of contextualizing their responses. This is to provide
richness to the context of the responses and illustrate how the background and
experiences of a person can inﬂuence their approach to these issues. Reading his
response in light of his background will help in developing a holistic understanding
of the concept of Social Responsibility from his perspective.
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Robert comes from a diverse background and experiences in industrial design, marketing, ﬁnance, industrial ecology, environmental management. He was a design
maker for the ﬁrst 25 years of his career and has been an educator for the past
almost 20 years. He says that he has had a “checkered past” and three diﬀerent
career experiences. He started with community and social work where he had the
opportunity to learn a lot about himself. His next career move was in design and
product development where he spent many years and started focusing more on the
user and environmentalism. Then he moved to education and teaching students
about design and sustainability. He is a big advocate of the ‘systems thinking perspective’ and thinks that students should understand that problems are a part of a
system and should have the openness to consider solutions from another ﬁeld that
is beyond their discipline.
Based on his diverse experiences, background and careers, he has a rich understanding of teaching students the meaning of ’social responsibility’. He values a
‘systems thinking’ perspective and emphasizes on how solutions cannot be created
in isolation and are always a part of a system, and how this should be kept in
mind when designs are created. His response to teaching ‘social responsibility’ and
evidence of its successful learning is given below.
– Robert’s response to teaching ‘Social Responsibility’ inside the classroom
“The idea of social responsibility is linked to the purpose of design. In the
classroom the idea of design as the great democratizer of society is an important element to linking it to social responsibility, sustainable solutions, and
the inevitable social impact of design. Or as John Stuart Mill’s put it: “the
greatest good for the greatest number...”
Getting students to understand that every product is a part of the system
is important part of connecting these issues. We cannot create sustainable
solutions if we do not generate products in an environment that moves toward
true social equity. There are many good exercises that objectively show the
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mathematics of this reality. Using these examples helps students understand
their role as designers in a world of increasing population and ﬁxed resources.
I’ve given several lectures in this area, making the heads of more than a few
design students “hurt” as they begin to question the real purpose of design.”
– Robert’s response to teaching ‘Social Responsibility’ outside the classroom
“Outside of the classroom visits to communities that are disadvantaged and
marginalized has been very helpful in crystallizing the thinking design students. Small projects or discussions about solving the problems in these communities quickly leads to the connecting of social responsibility, the creation
of sustainable solutions (real long-term solutions) and the inescapable social
impacts of our “designed” solutions. Students quickly learned that they cannot solve problems in a vacuum. They must think about how to engage and
consider the larger society without the exclusion of marginalized parts of society. The result is a humbler design student realizing that he or she cannot
solve problems in isolation. For some students this is a direct confrontation
of design elitism.”
– Robert’s response to evidence of successful learning of ‘Social Responsibility’
“Design students who incorporate these learnings into practice are better able
to balance the social, environmental, and economic impacts of their design
decisions with the beneﬁts of the solutions they are proposing. I have created
a very eﬀective short project/exercise that deals with balancing these impacts
and allows practicing designers to use the exercise is a lens through which
they can view the challenges they be facing in the future.”

4.6.3.2

Engaging with Multiple Stakeholders

• Engaging with multiple stakeholders: Teaching inside the classroom
A collection of diverse ideas about teaching ‘engagement with multiple stakeholders’
inside the classroom was presented by the various experts. Some of these ideas are:
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simulating a real environment with stakeholder interaction through case studies,
exercises, discussions and projects, learning through examples, experiences or new
ideas shared in the lecture. Based on their background and how they implement
these or envision to implement these techniques, the experts shared their insights.
A design and pharmaceutical packaging expert who has a diverse background in
product and graphic design, production engineering, marketing and communication
explains how sharing experiences can inspire students and says, “Some theoretical background on what stakeholders are, and the value of collaboration could be
generic taught. Lecturers with diﬀerent backgrounds working with design and designers could tell their experiences to give insights and inspiration to the students.
The students could adopt diﬀerent roles in a simulation game, to try diﬀerent positions that stakeholder could take in a real project.” A similar idea of role play
can also be implemented by Game Theory as explained by one of the experts who
works in the automotive industry and does user studies and ethnography, “Game
theory may be a useful classroom exercise with students representing the motivations and potential actions of multiple stakeholders presented with a common
inﬂuence or disruption”. In addition to sharing experiences, sharing examples will
also be useful. Contrasting successful examples where a “win/win design solution”
was created as a result of addressing perspectives of diﬀerent stakeholders, with
unsuccessful examples where the key stakeholders were not engaged, can help in
better understanding this idea.
For practice, students can be given the opportunity to create lists of stakeholders
and work with them or interview them during projects, case studies and discussions.
The expert who is an entrepreneur with a background in industrial design, marketing, ﬁnance, industrial ecology, environmental management and who also teaches
sustainable design emphasizes on storytelling being a very eﬀective technique, especially using a common lexicon and encouraging the group to write “a product
brief, a business plan, and a press release”. (S)He says, “Generating a “story” that
is developed by a group using the common language of story breaks down barri-
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ers, levels the playing ﬁeld in the organizational hierarchies, and allows individuals
and the group to explore solutions that are outside of an organizations structure.”
(S)He also illustrates the value of group thinking by saying, “It is important that
designers know the diﬀerence between “group think” and “group thinking”. The
former is stiﬂing while the latter can open up new possibilities, especially when the
group that is doing the thinking is multidisciplinary and representative of a broad
spectrum stakeholders”.
• Engaging with multiple stakeholders: Teaching outside the classroom
Key ideas, that resonated throughout responses from the experts, to teach ‘engagement with multiple stakeholders’ outside the classroom are: encouraging the
students to interact with multiple stakeholders in real projects and to practice the
art of stakeholder engagement. These ideas were further elaborated by the experts
based on their personal experiences and backgrounds. One of the experts who is
an engineer in the automotive industry and does ethnography and user interviews
explains the importance of gathering diﬀerent points of view from diﬀerent stakeholders and says, “My background has included a lot of stakeholder interviews to
gather points of view and importance factors. These can be powerful when aggregated across a number of stakeholders. Students could practice either on each
other if they are actually a knowledgeable stakeholder on a given subject or with
cooperative subjects from academia or business”.
Diﬀerent experts approached various elements of ‘interaction with stakeholders’
as described in the following lines. Encouraging the students to participate in
community projects, requiring the inclusion of multiple stakeholders and providing
rationale for engaging or not engaging stakeholders, interviewing and talking with
them, can help students to learn this technique. They can do it individually or in
teams after reinforcing some guidelines, like preparation of a concise list of questions, plan for each member’s actions in a team, listening more than talking during
the interview and consistency in asking questions. The importance of aggregating
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this information to create win/win scenarios should be emphasized; “Finally, but
perhaps most importantly is the opportunity to aggregate the various stakeholder
positions into a set of principles that can guide solution design”.
As the students practice these techniques more, they improve and learn; “The use
of these techniques improves with time and practice and requires creating trust
within the group. It is therefore not a one-oﬀ event”.
• Engaging with multiple stakeholders: Evidence of successful learning
The main evidence that students have successfully learned this idea can be observed
in the development and outcome of their projects. The expert who is an engineer
in the automotive industry and does ethnography and user interviews explains how
each stakeholder is important and says, “The most convincing evidence would be
the tendency to be inclusive and seek appropriate multiple stakeholder engagement.
Crashing oﬀ on a design based on simply intuition is rarely successful and missing a key stakeholder can encumber even a great solution with some considerable
headwinds”. (S)He suggests asking the current stakeholders open ended questions
to discover additional key stakeholders that may not have been considered originally, “Like most problems you can also fall prey to analysis paralysis. Even in
the quest to be thorough a successful student will have the ability to identify the
key stakeholders and stick pretty close to that list. My experience is that it can
grow a bit when you ask one of the ﬁnal stakeholder interview questions regarding
who else you should talk to on the subject, but I have tempered that by asking
the next interviewee if they would see value in also talking to this newly suggested
stakeholder. The additional key stakeholders seem to then naturally emerge.”
Another expert with a background in industrial design and experience as a designer
in product development, who is currently a researcher and a lecturer explains that
end results of a project or a prototype can reﬂect how successful the students were
in engaging multiple stakeholders. (S)He says, “By monitoring the development
process and reviewing the ﬁnal results, one can evaluate how the methods and
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learning techniques were considered and implemented”. (S)He also suggests that
preparing the student project brief in collaboration with an industrial partner will
help the students to confront real challenges.
When students have learned to develop stakeholder lists, engage them in the design process and see the value of this engagement, they may also be able to elicit
visionary ideas and concepts from their discussions. Such engagement showing the
integration of their theoretical learning with real life business proves that they are
successfully learning to engage multiple stakeholders.
• A holistic view of ‘Engaging with multiple stakeholders’ from the perspective of one expert
Here again, we will be highlighting the story and background of another expert,
Maria, to give an example of contextualizing her responses to this category.Some
of her responses and examples speciﬁcally highlight her background.
Maria studied fashion design and was a fashion designer who worked in the apparel
industry in various design and merchandising capacities. Moving on in her career,
she gathered diverse experiences like managing production in a diﬀerent industry
other than fashion, social service and non-proﬁt work and politics before she came
to academia for teaching about management of textiles and apparel. While interviewed, she enthusiastically talks about how academia lacks integration of social
awareness in some of the curriculum and she intends to incorporate her insights
from industry and social work experience into her courses. Introducing new categories of stakeholders in the design projects for her courses have been one of the key
ways through which she is steering the course to incorporate inclusive and universal
design.
Maria emphasizes the use of projects and discussions to introduce the students to
various stakeholder populations. She refers to designing clothes for someone either
living with a more ﬂuid gender identity or who is actively transitioning their gender
identity and needs to ﬁnd clothes that work for them. Her response to teaching
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‘engaging with multiple stakeholders’ and evidence of its successful learning is given
below.
– Maria’s response to teaching ‘Engaging with multiple stakeholders’ inside the
classroom
“Introduce these topics in lecture and apply to projects. Projects that require
research and investigation or interview of people facing social issues.
It would be interesting to see students determine design needs of transgender
people. As a person transitions they have changing design needs. However, do
we understand the needs and are their projects out there for this population.
Often just introducing these topics in a discussion will open the mind for many
students who may have never considered these populations.”
– Maria’s response to teaching ‘Engaging with multiple stakeholders’ outside
the classroom
“Experiential learning opportunities. Requiring projects that would include
community organizations so that students are introduced personally to these
populations would be a great way to introduce social impact.”
– Maria’s response to evidence of successful learning of ‘Engaging with multiple
stakeholders’
“Again, through projects you could see visual proof of understanding and
application.”

4.6.3.3

Seeing the World from Diﬀerent Perspectives

• Seeing the world from diﬀerent perspectives: Teaching inside the classroom
The common idea to teach the students (inside the classroom) to see the world from
diﬀerent perspectives that the experts emphasized on is some form of interaction,
whether it is through case studies or projects or learning-by-doing. Although such a
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concept can be introduced in lecture with little theory and reading about cultures,
people, history and movements, it should be extended to case studies and group
projects, where the students learn to value other team members’ ideas and can
rate them and accept criticism. Group thinking where there is participation of
individuals from diﬀerent disciplines and professions, will help the students to see
diﬀerent perspectives.
• Seeing the world from diﬀerent perspectives: Teaching outside the classroom
The key idea from the responses of the experts to teach the students (outside the
classroom) to see the world from diﬀerent perspectives is still ‘interaction’, mainly
through projects that allow interaction with the community, with colleagues, with
users and stakeholders or with the actual locations.
A design expert who is an engineering professor and teaches design suggests giving
design challenges to the students for them to grasp this concept and practice using
it, and says, “With day long, weekend long, or semester long design challenges in
which the students do interviews, observations, and immersions, then gathers the
data to build personas, user insights, design directives, and guiding principles”.
Another expert who is an entrepreneur and teaches design also mentions how this
improves with practice and says, “The use of these techniques improves with time
and practice and requires creating trust within the group. It is therefore not a
one-oﬀ event”.
Experiential learning which includes projects involving the community and places
the students in “literal locations” where they interact personally with populations
will help them to see diﬀerent perspectives.
• Seeing the world from diﬀerent perspectives: Evidence of successful
learning
The key evidence that the students successfully learned to see the world from different perspectives is in their projects. Projects where we can observe the students
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and how they proceed with the design can be visual proof that they have learned
this concept. The expert who is an engineering professor and teaches design enumerates a few points as the evidence of successful learning:
a. “The students will identify insights new to them
b. They will be able to fully identify the problem of the user without prescribing
a technological solution for it.
c. They will be able to easily brainstorm many ideas to solve the problem
d. They stop talking from their point of view to talk from the user point of view”.
Students will be able to elicit visionary ideas and concepts and will be better team
members and collaborators. When a student understands the value of seeing diﬀerent perspectives, (s)he will not approach the problem with an immediate solution
based on a personal point of view, but consider diﬀerent perspectives before designing a solution.
• A holistic view of ‘Seeing the world from diﬀerent perspectives’ from the
perspective of one expert Here, we provide the background of another expert,
Anna, who is an architect, to contextualize her responses.Anna’s background is
reﬂected in each response and thus understanding it will help us in getting a holistic
perspective of their view of ‘seeing the world from diﬀerent perspectives’.
This expert has a background in architecture and was also practicing as an architect
for almost a decade. She has experience with teaching and practicing participatory
design, human centered design and universal design. She combines her background
in architecture, her passion for design and her interest in the community through
projects like social housing projects.
Anna’s uses examples about designing buildings and town halls and emphasizes
of pushing the students towards new design tasks and out of their comfort zone.
When they don’t have the required information, they will seek new information
and hence gain new perspectives on viewing the design problems. Her response to
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teaching ‘seeing the world from diﬀerent perspectives’ and evidence of its successful
learning is given below.
– Anna’s response to teaching ‘Seeing the world from different perspectives’
inside the classroom
“Seeing the world from diﬀerent perspectives and thinking out of the box
are very important issues, however, they can be integrated in every topic. A
separate classroom may not be necessary for these topics. These two topics
give designers (or design students) the tools to come out of their own comfort
zone in order to view design decisions from diﬀerent perspectives and thus also
from the viewpoint of diﬀerent stakeholders. This is something the designer
will learn-by-doing. So, this aspect may be integrated into the design studios.
By inviting people who have a diﬀerent perspective on the world this can
open up students’ eyes and help them to create out-of-the-box innovative
solutions. This can be user/experts (e.g. people with disabilities, experience
of cleaning staﬀ with a building,...), but also architects who approach designing
in a completely diﬀerent way,... This is not a separate issue, but it needs to
be attached to ‘designing’.”
– Anna’s response to teaching ‘Seeing the world from different perspectives’
outside the classroom
“By giving a ‘diﬀerent’ design task that is out of the comfort zone of the
student, he needs to change his/her approach in a way that it stimulates
students to learn more about things they are not comfortable with.”
– Anna’s response to evidence of successful learning of ‘Seeing the world from
different perspectives’
“A designer approaches new design tasks in such a way that he does not
presume to know the answer without ﬁrst considering a wide range of diﬀerent
perspectives. His/her design attitude opens up for new possibilities, apart
from things he/she is familiar with. In an interview, an architect once told me
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that he needed to design a town hall and by ‘listening to what clients really
want’ he learned more than his own ideas of what a town hall should look
like. Really listening to the wishes of clients was his speciﬁc strategy to make
innovative (and thus, out-of-the-box) designs. It is a simple strategy, but
much more complex to eﬀectively apply it in architectural design practice.”

4.7

Discussion and Conclusions
The overall goal of the project was to understand the intersection of human social

issues and design needs to augment the design education of novice engineers. Through
the work on CDT, presented earlier, and through discussion, many case studies and
examples had been identiﬁed, where such thinking has been exhibited intuitively. This
project was done to further explore how such thinking can be incorporated into the
engineering design education. The Delphi method was used to reach out to experts
in order to accomplish this task.he ﬁrst step was to identify the exemplars or expert
participants who have exhibited intuitive insight to better understand the user. This
was accomplished by reaching out to the designers/engineers from the case studies
and by nominations from members of the advisory board. All the responses gathered
in the various rounds of this extensive study have provided us with rich data from a
diverse group of participants.
The ﬁrst round of this study broadly explored the experts ideas about the intersection of human social issues and design needs and its importance. The next round
focused on exploring the relationship between human social issues and design needs
from an educational perspective. The last round targeted speciﬁc topics and included
very speciﬁc questions about teaching the topics at the intersection of human social
issues and design needs to the students.
Qualitative coding methods and a grounded theory approach were used throughout the process to distill information common in the responses of all the experts.
The questions in the ﬁrst round were open ended to get a general understanding
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and overview of the intersection of human social issues and design needs, its importance and examples to illustrate these. The common themes from round 1 were
still broad and weaved through various ideas like social impact, role of design, socioeconomic considerations, motivation, success, failures, value, responsibility, innovation and stakeholders, to name some of them. This information was used to frame
questions of the next round.
In this round, the experts identiﬁed key topics about the intersection of human social issues and design needs that students should learn in school and educational experiences and skills that would be helpful. The experts were also asked questions about
social impact, conveying its importance to future designers and examples of extreme
success and failure. Analyzing the data revealed that examples were very helpful in
understanding the experts’ perspective on the topics. The diverse backgrounds of
the experts provided richness to the data, in terms of academic, professional and cultural context. It was interesting to see how similar ideas were woven across responses
from diﬀerent people. A rigorous round of analysis helped us to group similar ideas
together to form main categories or topics:design mindset towards problem solving,
insight into human needs, design Innovation, social responsibility, creating sustainable solutions, social impact, creative approaches to complex issues, engaging with
multiple stakeholders, thinking out of the box and seeing the world from diﬀerent
perspectives. These topics were used in framing the questions for round 3.
In this round, the experts were presented with all the topics from round 2 and
chose at least four out of them to describe how the topics should be taught inside
and outside the classroom and what will be evidence for its successful learning by the
students.Since the purpose of the Delphi is start open-ended and ﬁnd consensus by
the end of the study, we were able to ﬁnd topics that most of the experts considered
as important for teaching to the future engineers . The three topics that received the
most attention were: Social responsibility, Engaging with multiple stakeholders and
Seeing the world from diﬀerent perspectives. We focused on these three topics for the
ﬁnal round of analysis.
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The common ideas that came across the responses for these topics were to use
case studies, projects and encourage interaction with real stakeholders. These crossdisciplinary experts approached the topics using these techniques in their own unique
ways. Their background, profession and other experiences shaped how they thought
about these topics. For example, one of the experts with a background in textile and
apparel management addressed the topic of stakeholders and diﬀerent perspectives
from her vantage point of introducing a diﬀerent population like transgender people,
to the students and see how they learn from it. Another expert with a background in
architecture spoke about how we can consider diﬀerent stakeholders like people with
disabilities and also cleaning staﬀ while designing a building. The experts emphasized
that listening to the stakeholders and inculcating a sense of social responsibility will
be valuable skills for the next generation of engineers to learn and will prepare them
to be strong critical thinkers and designers in the community. Cultivating such a
mindset to listen, engage and consider the potential of social impact will help future
engineers and designers to create better user experiences, for individuals and for the
community. Such learnings should be taken beyond the classroom and implemented
in real life. Students will remember some of these ideas as they go into the workforce
and this will be very valuable and satisfying to an educator, as seen in the following
example.
In the interviews that were conducted after round 3 was completed, some of the
experts, who’ve had more experience with teaching students, described how they
delighted they were on seeing their students take away lessons from their classes. In
their interviews, one of the experts talks about how meaningful it feels when students
email her/him 10 or 15 years later mentioning how they remember things from the
class in their present day work. This is what (s)he says, “That’s the currency. I mean,
if you’re in education, and you get students remembering something that you were
teaching them 10 or 15 years ago, and saying, “This is the reason I’m doing this, is
because of this experience,” it’s really I don’t know if you can put a dollar sign on
that. That’s really great stuﬀ. ..”.
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Another expert who teaches textile and apparel management talks about how
most students would typically design high-end couture bridal wear for their projects
and (s)he really wanted them to learn that it is only for a very small population.
(S)he wanted them to understand that there is more to fashion designing than high
end clothing. (S)He says, “Designing for a $15,000.00 dress is easy compared to what
you have to do to design for people who want something every day for a low price and
function all that kind of stuﬀ.” While (s)he was working on designing the course such
that students focus on other stakeholders too, one of her/his mentees came up with
the idea of a beauty line for transgender people. (S)He was elated to hear this and
(s)he says, “...and her idea was to create a beauty line for people - for transgender
people - people transitioning. And I’m sitting there in my oﬃce and I thought it was
like a hallelujah moment...”.
Such examples together with the responses and background of the experts illustrate how these topics can be taught to students through various examples, experiences, case studies, projects. If they are able to take away some key ideas from
the class and implement them in the industry or their profession, it would help in
creating better user experiences for the people. It was interesting to see that there
was diversity in the approach but commonality in what they thought the students
should learn and how they should learn it. The study helped us to not only ﬁnd that
the key ideas at the intersection of human social issues and design needs, that are
beneﬁcial for the students to learn are: Social responsibility, Engaging with multiple
stakeholders and Seeing the world from diﬀerent perspectives. There were other key
ideas too, like ‘Social Impact’ and ‘Insight into human needs’, which are similar to
the ones described already and hence haven’t been elaborated.
To conclude, realizing two things will help in creating better designs and hence
better user experiences; one is realizing that the designs we create have the potential
to impact people’s lives in a positive and negative way and the other is the realization
that a design cannot be created with one person’s perspective. It is important to include
diﬀerent stakeholders, listen to them and possibly observe them to gain insight into
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their needs. Keeping the others’ needs and the potential for social impact in mind
will create a sense of social responsibility while creating designs. As these will be
taught in classes, the vision is that the budding designers and engineers would be
able to internalize these ideas and the designs they create will help in enhancing user
experiences.
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5. EXPLORING PSYCHOPHYSIOLOGICAL AND BEHAVIORAL
MEASURES TO UNDERSTAND USER FEEDBACK
5.1

Motivation
The user is involved in the design process in two stages; assessment of user

needs and user feedback (Figure 1.3). To gain a holistic understanding of the user
and provide a better UX, it would be beneﬁcial to understand the user’s intervention in both these stages. The previous chapters address the aspect of helping
the designer/engineer better understand the users and their needs. This chapter
presents work on exploring the use of psychophysiological measures to help the designer/engineer better understand user feedback.
User feedback is usually sought in the design process to understand the users’
evaluation of the design and use this information to better tailor the design to the
needs of the user. The direct feedback articulated by the user is typically collected
through surveys and interviews. Some of the indirect or unarticulated feedback can
be assessed by using various psychophysiological and behavioral measures. Not only
are the users’ thoughts about a product important, but it is also valuable to assess
the users’ emotions about their experience. This section aims at exploring ways of
better assessing non-verbal and emotional response of the users. The work presented
in this section was conducted in collaboration with General Motors (GM) in Warren,
Michigan.

5.2

Background
There is an emotional state associated with how a customer thinks or feels about an

artifact while (s)he is making a decision or doing an evaluation. “ It is suggested that
emotional states may be considered a function of a state of physiological arousal and
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of a cognition appropriate to this state of arousal” [160]. There is a relevance between
emotions and decision-making [161–167]. This emotional state of the person is also
reﬂected in her/his physiological state. Various psychophysiological and behavioral
measures, like EEG, eye-tracking, GSR and Facial Expression Recognition, can be
used to measure the psychophysiological response and hence make an assessment
of the emotional and non-verbal feedback from the user. The project described in
this section aims to explore the use of various psychophysiological and behavioral
measures in understanding emotions of users while they do evaluations and make
decisions. Understanding how emotions of the users are related to their response
can help in addressing ﬂaws and creating such designs that provide more fulﬁlling
experiences and hence evoke more positive response from users.
Establishing a relationship between the emotions of the users (while they make
decisions) and the evaluations they provide for the stimuli will help in oﬀering more
depth to user feedback. This will also help in providing more insight into the users’
thinking by triangulating results from the self-report data. There is anecdotal evidence that there is a diﬀerence between what the customers say and what they
do [168]. This diﬀerence between the users’ response to a survey and their actual purchase decisions seems to be a concern, especially in the automotive industry.There is
a relation between emotions and decision-making [161–167]. Since emotions are guiding users’ decisions, emotions may be a better indicator of what they actually feel
about a product. Emotions are reﬂected in the physiological response of the users.
By recognizing the emotions of the customers through a study of their psychophysiological response, we make an attempt to understand what they actually feel about
a product. When fully developed, such an understanding can be helpful in actual
clinics (studies run by market research teams in industry) to gain a true perspective
of the user feedback.
Various measures can be used to assess psychophysiological response can explained
in the next section.
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5.3

Literature
“Psychophysiology is the study of relations between psychological manipulations

and resulting physiological responses, measured in the living organism, to promote
understanding of the relation between mental and bodily processes” [44]. There are
various psychophysiological measures that can be used to assess the users’ physiological response to various stimuli. For example, eye-tracking, facial expression recognition, Electroencephalography (EEG) and Galvanic Skin Response (GSR) can be used
to assess the psychophysiological response. A brief explanation of these measures is
given below.
EEG is the measurement of brain waves based on the electrical activity in the
brain [44]. EEG represents neural activity recorded at the scalp that is generated by
populations of neurons in the cerebral cortex. EEG is typically characterized in terms
of oscillatory activity which can be either ongoing over time representing enduring
mental states (e.g., a period of focused attention) or stimulus locked (e.g., representing
neural processing evoked by an event in the environment). Various electrodes attached
to the scalp are used for recording the brain activity. This signal measured at the scalp
is lower than that measured at the cortex. Facial Action Coding Expression Toolkit
(FACET) is a tool developed by Emotient [169] that assesses facial expression and
uses that to estimate the emotion (valence and arousal) [170]. The facial expression
is assessed by using the various Action Units (AUs) that measure the movement
of landmarks on the face, like, muscle groups, eyebrows and lips. Galvanic Skin
Response or GSR is a measurement of the skin conductivity that changes in response
to stress and arousal [171]. “Electrodermal Activity (EDA) refers to the variation of
the electrical properties of the skin in response to sweat secretion” [172]. This happens
in response to changes in the sympathetic nervous system [171]. EDA comprises of
the slow shifts in skin conductance level and the rapid shifts in skin conductance level.
These rapid shifts are referred to as GSR [173]. Eye-tracking tracks the movement
of the participants’ eyes to determine the position at which they are looking. This is
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guided by the eye-mind hypothesis, which states that people look at what they are
thinking about [174].
These measures can be used independently or a combination of these measures
can be used to assess the physiological response of a person to the presented stimuli
in terms of her/his eye movement, arousal, brain activity and facial expression. This
also provides insight about the reactions of a user while the stimuli are being viewed.
Assessment of pleasure/displeasure and high/low arousal can help us to determine
aﬀect [37, 175] and hence emotion. Diﬀerent measures can help in assessing one or
more of these attributes, for example, GSR is an indicator of high or low arousal
experienced by a person and facial expression recognition can indicate if the person is
feeling positive or negative valence (pleasure or displeasure). Hence, using a combination of GSR and facial expression recognition can help in determining the emotion
that the user is experiencing. An example of a high intensity or high arousal emotion
which has positive valence or pleasure is excitement, whereas an example of a low
intensity or low arousal emotion which has negative valence or displeasure is boredom.
This exploratory project aims at using EEG, eye-tracking, GSR and FACET measures in preliminary studies to determine the emotional response of customers while
they make decisions. A series of diﬀerent studies have been used to test the appropriateness of the tools for the stimuli used and organization of information in the study
to gather data from the various psychophysiological tools.
This work has been done in collaboration with Dr. Youyi Bi and Shruti Kizhakkel,
former graduate students in the School of Mechanical Engineering at Purdue University, and Dr. Jeﬀrey Hartley and Ross Simons from General Motors (GM).

5.4

Design of the Experiment
The stimuli used in the study have been provided by GM. All the stimuli were

rendered images of cars with similar color and background. There were four car
stimuli, each with three views: front three quarter view, rear three quarter view and
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side view as seen in Figure 5.1. The order of these images were randomized and
changed for the various studies. These stimuli were evaluated based on six questions
presented below. These questions are based on aspects that are of interest to the
automotive industry and were provided by GM as they use these in their clinics. The
following questions were used for evaluations:
1. Please evaluate the Overall Appeal of the car.
2. Please evaluate if the car is Sporty or Conservative.
3. Please evaluate if the car is Traditional or Innovative.
4. Please evaluate if the car is Basic or Luxurious.
5. Please evaluate if the car is Calm or Exciting.
6. Please indicate the Brand of the car.
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(a)

(b)

(c)

(d)

Figure 5.1. The various car stimuli used in the studies. (a) Car I. (b) Car
II. (c) Car III. (d) Car IV.

The questions were used to motivate a response from the participants while they
perceived the stimuli. The responses to these questions were provided as ratings on
a scale of 1 to 5.
• Response to question 1: For evaluating the overall appeal of the car, the following statement was presented for each stimuli:
Overall exterior appearance is appealing.
The participants were asked to respond if they agreed or disagreed with the
statement for a particular car stimulus. The agreement rating was provided on
a scale of 1 to 5 (Figure 5.2), where 1 means ‘Disagree strongly’ and 5 means
‘Agree strongly’ that the overall experience is appealing.
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Figure 5.2. Scale used for evaluation of ‘appeal’.

• Response to questions 2 to 5: The responses to the semantic categories, SportyConservative, Traditional-Innovative, Basic-Luxurious, Calm-Exciting, were also
provided on a scale of 1 to 5 (Figure 5.3). In this scale, 1 and 5 represent opposite ends of the spectrum. For example, 1 means the car looks sporty and
5 means the car looks conservative. 3 means the car looks neither sporty not
conservative. 2 and 4 can be interpreted as ‘somewhat sporty’ and ‘somewhat
conservative’.

Figure 5.3. Scale used for evaluation of ‘semantics’.

• Response to question 6: The participants were presented with 30 brand names
of cars. They had to choose one of the brands that they identiﬁed the car
stimulus belonged to.
Various pilot studies and one main study have been conducted with diﬀerent arrangements and stimuli to understand the appropriateness of the psychophysiological
tools in relevance to car stimuli.
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5.5

Various Studies Conducted in this Project
This section presents an overall view of the various studies that have been con-

ducted in this project. The main goal of this project is to explore the use of various
psychophysiological measures in better understanding user feedback.
• First pilot study to test psychophysiological tools with car stimuli The
ﬁrst study that was conducted was a pilot study to test the stimuli with the suite
of psychophysiological tools that are intended to be used in this project. The
participant answered all the six questions mentioned above, for each car.Various
arrangements of the views and the questions were tested before deciding the
position of the car and views.
In this study, the three views of the car and the evaluation question were presented on the same slide. There were instructions and practice questions that
were provided to the participant to familiarize them with the scales and the
study process. All the psychophysiological measures were used and eye-tracking,
EEG, GSR and FACET data were collected. The data showed that the participants did not show a strong aﬀect (valence or arousal) for the stimuli. On
further discussions with experts, new insights were gained about the placement
of information on the computer screen and its eﬀect on EEG data. The main
insight was that for studies with EEG, it is helpful to have discrete information
on the screen. In this study, we had four diﬀerent elements, three views and
one question, on each slide, so the data were noisy.
So, we decided to change the amount of information presented on one screen.
But, to compare the attention paid by the participants to the three views of
a car, the three images had to be presented together. So, the next study was
designed was designed for this purpose and it focused primarily on collection
and analysis of data from eye-tracking.
• Study of customer preferences using eye tracking This study was designed with the images of the three views of a car on one slide and the ques-
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tion/evaluation on the following slide. The main goal of this study was the
evaluate which views of the car received more attention while the participants
answered questions about appeal, semantics and brand. Hence, the main focus
was on eye-tracking.
Based on insights from the automotive industry and a study on headlight shapes
[176], the following hypotheses were formulated:
– Customers will look at the front view of the vehicle during brand evaluations
more than the other views.
– Customers will look at the side view of the vehicle during sporty/conservative
evaluations more than the other views.
These hypotheses were tested in this study. Details and results of this study
will be discussed in the next section.
Even though this study focused on eye-tracking, GSR and FACET data were
also collected. The GSR and FACET data indicated that the participants did
not show any strong aﬀect (valence or arousal) to the presented stimuli. This
prompted us to consider if the stimuli were appropriate to elicit strong enough
reactions from the participants that can be detected by the psychophysiological
measures. Since the stimuli looked like cars one may have seen before, were
gray and presented on a 2D computer screen, we considered if they were too
simple to elicit strong emotional response or display aﬀect. In order to address this, another pilot study was designed to test the appropriateness of the
psychophysiological measures to the stimuli.
• Pilot study to test the appropriateness of the psychophysiological
measures to the stimuli
The main goal of this pilot study was to understand if the psychophysiological
measures indicate diﬀerences in emotional response to diﬀerent car stimuli. To
check if the lack of emotional response was due to kind of stimuli presented, it
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was decided to use stimuli that covered a broader spectrum of cars. The new set
of stimuli included ‘basic cars’, ‘stylish cars’ and ‘extreme cars’. The ‘basic cars’
included the set of car stimuli provided by GM and used in the previous two
studies. The ‘stylish cars’ included images of stylish sports cars. The ‘extreme
cars’ were non-traditional or concept cars that had diﬀerent shapes and did not
look like production vehicles or regular cars. The intention of using diﬀerent
stimuli was to detect changes in levels of arousal and valence for diﬀerent groups
of cars. Only the front three quarter image of each car was presented to the
participant. They viewed each image for seven seconds in order to collect GSR
data. The participants were presented with a questions that asked them to
evaluate each image for ‘appeal’ and ‘innovativeness’. They were not required
to provide a response. These questions were used to help the participant focus
on the image and motivate a psychophysiological response. The participants
provided their responses in a separate survey.
The analysis of EEG data from this study did not show any speciﬁc trends
across participants, an example of which can be seen in Appendix B. There was
no relationship between their EEG data and their responses. The GSR data did
not indicate any signiﬁcant arousal for any of the stimuli used. The analysis of
the FACET data does not indicate any strong emotions for any of the stimuli
used. This study helped in understanding the challenges of using FACET and
this insight will be helpful in designing studies for future work. These will be
discussed in the next section.

5.6

Study of Customer Preferences Using Eye Tracking
This study used eye-tracking to understand customer preferences while they eval-

uated the brand of the car, assessed it for appeal and performed evaluations based
on semantic scales like Sporty-Conservative, Traditional-Innovative, Basic-Luxurious
and Calm-Exciting.
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The main hypotheses that guided this research are:
H1a: When evaluating the brand of a vehicle, there will be a diﬀerence in the times
spent looking at each of the 3 views.
H2a: When evaluating the degree to which a vehicle is sporty/ conservative, there will
be a diﬀerence in the times spent looking at each of the 3 views.
H3: For each of the other evaluations, there will be diﬀerences in the time spent
looking at each of the 3 views.
Insights from industry experts and a study on headlight shapes [176] helped to inform
the expected outcomes of these hypotheses:
H1b: Customers will look at the front view of the vehicle more than the other views
during brand evaluations.
H2b: Customers will look at the side view of the vehicle more than the other views
during sporty/conservative evaluations.

5.6.1

Experiment Procedure

This section has signiﬁcant written contributions from Dr. Youyi Bi, former graduate student in the School of Mechanical Engineering at Purdue University.
The participants for this study were recruited using emails, ﬂyers and web postings. The participants were given the screening criteria suggested by Pernice and
Nielsen [177]. They had to satisfy the following conditions to participate in eyetracking research:
• Have normal to corrected vision (contact lenses and glasses are okay except for
bifocals, trifocals, layered lenses or regression lenses).
• Do not have glaucoma, cataracts, eye implants, or permanently dilated pupils.
• Can read a computer screen and the Web without diﬃculty.
• Do not need a screen reader, screen magniﬁer or other assistive technology to
use the computer and the Web.
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There were 19 participants in this study, who were either staﬀ or students from
Purdue University. This included 13 female and 6 male participants ranging in age
from 19 years to 60 years (mean: 29.05 years, standard deviation: 11.12 years). The
participation was voluntary and the compensation was $10. After signing the consent
form, the participants were introduced to the study. The process was explained and
calibration of the eye-tracking device was completed before starting the study. The
duration of the experiment was approximately 15-20 minutes.
A Tobii X-60 (Tobii Technology AB, Danderyd, Sweden) eye-tracking device was
used in this study. The frequency of data collection for this eye tracker is 60 Hz. The
iMotions software (iMotions Inc., Cambridge, MA) was used to create the survey and
collect data.
The questions and scales explained in section 5.4 were used in this study. Before
answering the actual question pertinent to the study, the participants answered a
few practice questions to get familiarized with the equipment, rating scales and the
overall procedure. For each question, the participant ﬁrst saw the question on one
slide (Figure 5.4 (a)), which was used for evaluating the stimulus on the next slide
(Figure 5.4 (b)). The response was provided on the third slide (Figure 5.4 (c)).
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(a)

(b)

(c)

Figure 5.4. The arrangement of question and stimuli for each car during
the study. (a) Slide 1 with the question. (b) Slide 2 with the car views.
(c) Slide 3 with the response scale.
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There are a few metrics for eye-tracking that are used in this study and have been
explained here [178].
• Fixations: Eye movements that stabilize the retina over a stationary object of
interest (in this study, a ﬁxation is deﬁned as an eye-sight focus on a speciﬁc
area for more than 100 milliseconds).
• Fixation time: A measure of the duration of the ﬁxation.
• Scan paths: Connections between consecutive ﬁxations.
• Heat Maps: Heat-maps provide qualitative aggregate eye-gaze data for all
participants in a given study. The higher intensity of ﬁxation is indicated by
red followed by yellow and green [179–181].
• Area of Interest (AOI): AOI denotes a speciﬁc area on the screen and is
usually used while looking at heat maps [181].
The eye gaze data for speciﬁc AOIs of the presented visual stimuli and the responses to the car evaluation questions were collected during the study. Percentage
of ﬁxation time was used as the metric for reporting eye gaze data in this study. The
percentage of ﬁxation time was calculated by dividing ‘the ﬁxation time on an AOI’ by
‘the ﬁxation time on the whole visual stimulus’. A larger percentage of ﬁxation time
for an AOI would indicate that more visual attention was paid by the participants to
that area.

5.6.2

Results and Analysis

The eye-gaze data were analyzed using a combination of descriptive and inferential
statistics. The percentage of ﬁxation time has been reported for each car view and
for each question. Percentage of ﬁxation time represents the proportion of time that
the participant spent looking at a particular AOI. The results are presented for each
question. Each view of the car is marked as an AOI. F represents Front view of the
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car, R represents Rear view of the car and S represents Side view of the car. A oneway Analysis Of Variance (ANOVA) was conducted to compare results between each
of the views to determine whether or not there were statistical diﬀerences between
them. A Tukey analysis was conducted on those in which statistical diﬀerences were
found. A 95% conﬁdence level was used in both sets of analyses.

5.6.2.1

Heat-Maps of Eye-tracking Results

Heat-maps provide qualitative aggregate eye-gaze data for all participants in a
given study. Figures 5.5, 5.6, 5.7 and 5.8 shows examples of heat maps that were generated by participants while making “Brand”, “Sporty/Conservative”, “Calm/Exciting”,
and “Basic/Luxurious” evaluations of the cars, respectively. Green indicates lower
intensity and Red indicates higher intensity of ﬁxation.
Figure 5.5 shows that the front view had the highest intensity of ﬁxation compared
to the other views while brand was being evaluated. In other words, it received the
most attention while brand evaluations were conducted.

Figure 5.5. Heat map (average for all participants) of a car while the
Brand is being evaluated.
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Figure 5.6 shows the heat map for a car while being viewed for “Sporty/Conservative”
semantic evaluations. From a qualitative standpoint, the rear and side views had
higher intensities of ﬁxation as compared to the front view, indicating participants
focused more on the rear and side views for this car.

Figure 5.6. Heat map (average for all participants) of a car while it is
being evaluated for being Sporty or Conservative.

Figure 5.7 shows the heat map of a car while “Calm/Exciting” evaluations were
done. The front and side views have higher intensities of ﬁxation indicating more
focus on these views for this evaluation.
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Figure 5.7. Heat map (average for all participants) of a car while it is
being evaluated for being Calm or Exciting.

Figure 5.8 shows that the side view had the highest intensity of ﬁxation while the
car was being evaluated for “Basic/Luxurious”. The ﬁgure also shows that the front
view of the car received more attention than its rear view.

Figure 5.8. Heat map (average for all participants) of a car while it is
being evaluated for being Basic or Luxurious.
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5.6.2.2

Statistical Analysis of Eye-tracking Results for Hypothesis 1a, 2a
and 3

A one-way ANOVA was conducted on each of the six questions discussed in section
5.4 in order to test the ﬁve hypotheses that were proposed.
The results of the one-way ANOVA indicate that there was a statistically significant diﬀerence between the average percentage of ﬁxation time for the three views
while evaluating “Brand” (F(2,225) = 27.21, p = 0.000), “Sporty/Conservative”
(F(2,225) = 2.98, p = 0.053), “Basic/Luxurious” (F(2,225)=9.90, p = 0.000) and
“Calm/Exciting” (F(2,225)= 11.20, p = 0.000). . A Tukey post-hoc test was conducted and the results are discussed in the next section. These analyses support
hypotheses 1a and 2a. There was no statistical diﬀerence between the average percentage of ﬁxation time for the three views while evaluating “Appeal” (F(2,225) =
2.63, p = 0.075) and “Traditional/Innovative” (F(2,225)=1.65, p = 0.194). Hence
hypothesis 3 is not supported by this analysis. Figures 5.10, 5.11, 5.12 and 5.13 provide a visual representation of the percentages of ﬁxation times for the three views
while evaluating “Sporty/Conservative”, “Basic/Luxurious”, “Calm/Exciting”, and
“Brand” and show that there were diﬀerences in the time spent looking at each of
the three views. The Tukey analysis in the next section will provide more insights
regarding this.

5.6.2.3

Statistical Analysis of Eye-tracking Results for Hypothesis 1b, 2b
and 3

A Tukey post-hoc test was conducted on “Sporty/Conservative”, “Basic/Luxurious”,
“Calm/Exciting”, and “Brand” Evaluations.
Figure 5.9 below provides a summary of the Tukey results.
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Figure 5.9. Summary of the Tukey Post-hoc test results.

• ‘Brand’ : F-R, F-S, R-S Signiﬁcantly Diﬀerent
A one-way ANOVA and the Tukey post hoc comparisons show that the average
percentage of ﬁxation time spent while evaluating “Brand” was signiﬁcantly different between all three views (F(2,225) = 27.21, p = 0.000). A Tukey posthoc test revealed that the average percentage of ﬁxation time for the front view
(M=28.6; SD=16.3) is signiﬁcantly higher as compared to that for the rear view
(M=19.1, SD=12.2; p=0) and for the side view (M=13, SD=10.1; p=0). This
number was also statistically signiﬁcant when the rear view and side view were
compared (p=0.013). This shows that hypothesis 1b is not rejected. Figure 5.10
provides a visual representation of the percentage of ﬁxation time and the standard
error associated with each value.
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Figure 5.10. Average percentage of ﬁxation time for all cars while evaluating
‘Brand’.

• ‘Sporty or Conservative’: R-S Signiﬁcantly Diﬀerent
A one-way ANOVA and the Tukey post hoc comparisons show that the average
percentage of ﬁxation time spent while evaluating “Sporty or Conservative” was
signiﬁcantly diﬀerent between all three views (F(2,225) = 2.98, p = 0.053). A
Tukey post-hoc test revealed that the average percentage of ﬁxation time for the
Rear view (M=15, SD=8.7) is signiﬁcantly higher as compared to that for the side
view (M=19.6; SD=10.5; p=0.048). However, the diﬀerence between the average
percentage of ﬁxation times were not signiﬁcant when the front view (M=17.1;
SD=9.2) was compared to the rear view (M=15, SD=8.7; p=0.764) and the side
view (M=19.6; SD=10.5; p=0.218). Hence hypothesis 2b cannot be completely
accepted. Figure 5.11 provides a visual representation of the percentage of ﬁxation
time and the standard error associated with each value.
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Figure 5.11. Average percentage of ﬁxation time for all cars while rating
‘Sporty Conservative’.

• ‘Basic or Luxurious’: R-S, F-S Signiﬁcantly Diﬀerent
A one-way ANOVA and the Tukey post hoc comparisons show that the average
percentage of ﬁxation time spent while evaluating “Basic or Luxurious” was signiﬁcantly diﬀerent between all three views (F(2,225) = 9.90, p = 0.000). A Tukey
post-hoc test revealed that the average percentage of ﬁxation time for the side view
(M=20.6; SD=11.9) is signiﬁcantly higher as compared to that for the front view
(M=16.3; SD=9.1; p=0.025) and for the rear view (M=13.5, SD=8.4; p=0.000).
However, the diﬀerence between the average percentage of ﬁxation times was not
signiﬁcant when the front view (M=16.3; SD=9.1) was compared to the rear view
(M=13.5, SD=8.4; p=0.171). Figure 5.12 provides a visual representation of the
percentage of ﬁxation time and the standard error associated with each value.
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Figure 5.12. Average percentage of ﬁxation time for all cars while rating
‘Basic Luxurious’.

• ‘Calm or Exciting’: R-S, F-R Signiﬁcantly Diﬀerent
A one-way ANOVA and the Tukey post hoc comparisons show that the average
percentage of ﬁxation time spent while evaluating “Calm or Exciting” was significantly diﬀerent between all three views (F(2,225) = 11.20, p = 0.000). A Tukey
post-hoc test revealed that the average percentage of ﬁxation time for the rear view
(M=11.5, SD=9.3) is signiﬁcantly lower as compared to that for the front view
(M=16.9; SD=9.3; p=0.001) and for the side view (M=17.9; SD=9.4; p=0.000).
However, the diﬀerence between the average percentage of ﬁxation times was not
signiﬁcant when the front view (M=16.3; SD=9.1) was compared to the side view
(M=17.9; SD=9.4; p=0.76). Figure 5.13 provides a visual representation of the
percentage of ﬁxation time and the standard error associated with each value.
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Figure 5.13. Average percentage of ﬁxation time for all cars while rating
‘Calm Exciting’.

There was no signiﬁcant diﬀerence between the average percentages of ﬁxation
time for the three views while evaluating ‘Appeal’ and rating ‘Traditional or Innovative’, so they have not been analyzed and discussed. A summary of these results is
also presented in Table 5.1.

Table 5.1.
Summary of average percentage of ﬁxation time for each question.

Front

Side

Rear

17.1

19.6

15

Luxurious

16.3

20.6

13.5

Exciting

16.9

17.9

11.5

Brand

28.6

13.0

19.1

Overall Study

19

18

15.4

Appeal
Sporty
Innovative

154
5.6.2.4

Summary of Fixation Times Within the Study

Overall, for the entire study, the participants spent the most time on the front
View of the car and the least time on the rear view of the car (Table 5.2). A one
way ANOVA indicates that at least one of the diﬀerences is signiﬁcant (F(2,1365) =
14.28, p = 0.000). The post hoc comparisons showed that the average percentage of
ﬁxation time spent on the front view (M=19.0, SD=11.7) was signiﬁcantly diﬀerent
than the time spent on the rear view (M=15.4; SD=9.6) and between the side view
(M=18.0; SD=10.3) and the rear view (M=15.4; SD=9.6). There was no signiﬁcant
diﬀerence between the average percentage of ﬁxation time on the front view (M=19.0,
SD=11.7) and side view (M=18.0; SD=10.3).

Table 5.2.
Average percentage of ﬁxation time for the whole study (all cars and all
questions); F-R and R-S are signiﬁcant.

5.6.2.5

F

R

S

19.04

15.40

17.97

Data from GSR and FACET

Like it was noticed in other pilot studies, the data collected from GSR and FACET
did not yield any conclusive results. Examples of the representation of data from
FACET can be viewed in Appendix C. Although the data does not show any conclusive or strong trends, we can see that there are indication of a ‘U’ and inverted ‘U’
trend for expressions of negative and neutral valence while answering all the questions. It indicates that the participants expressed less neutral and more negative
valence when they gave extreme (1 or 5) ratings to the stimuli car images. This is
not statistically signiﬁcant. Hence, it has not been further investigated.
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5.7

Challenges and Insights
There were various challenges in conducting the studies using the psychophysio-

logical tools. They are explained below.
• One of the key insights is that the software seems to pick up every movement
on the face without distinguishing between reﬂex movements (like a muscle
twitching) and expression on face as a result of viewing the stimuli. Looking
at the videos of the participants showed that the software did not distinguish
between a ‘yawn’ and a ‘smile’. There is more negative and neutral than positive
valence detected. We speculate that this is due to the expression on the faces
of the participants while they concentrate (eyebrow furrowed) when a stimuli is
ﬁrst presented in front of them. Due to these anomalies there is low conﬁdence
in the analysis from this software.
• FACET records movements of the facial muscles separately and uses a combination of these to deﬁne an emotion. Hence each emotion and valence is identiﬁed
independently. For example, we can see peaks in ‘joy’ and ‘anger’ at the same
instant because these are detected independent of each other. The challenge
is to understand the exact feeling that the participant was experiencing. In
such an example, it is unsure if the participant was feeling happy or angry at a
certain instant.
• Since arousal has not been detected through EEG or GSR for most of the car
stimuli used in the study, it is not clear if the stimuli is able to elicit any
emotion in the user. A possible explanation of this could be that while they
make a decision, the participants know that they are doing this evaluation on
a computer screen for a study with no potential implications that are personal,
like purchasing this vehicle or winning this vehicle. This may not be eliciting
a strong emotional response. This is based on the idea that during decisionmaking process, future consequences, certainty and risk are also evaluated and
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these play a role in the elicitation of emotions and bodily states [166,182]. Since
there are no risks or consequences related to harm or beneﬁt that will be the
result of the decisions they make, the emotional response of the participants
may not be strong for the stimuli presented to them.
Identifying these challenges and insights help us to posit new directions for future
work. The details of this will be discussed in the section on future work in Chapter
6.

5.8

Discussion and Conclusions
Eye tracking data proved to be informative in understanding where people look to

ﬁnd relevant information. When looking for brand cues, respondents tended to focus
on the front area. This information is valuable for designers who are seeking insights
on what viewing areas may be most relevant for customers. In addition, doing this
using 2D images is more cost eﬀective for the designer. When looking for sportiness
cues respondents tended to focus on the side, and to a lesser extent on the front area.
Cues for luxuriousness tended to be searched for in the side view. Thus, a designer
might experiment with cues shown in this view when seeking to inject luxury into the
design. Even non-signiﬁcant ﬁndings are of value to designers. Knowing that patterns
of visual inspection do not diﬀer by view when people judge either innovativeness or
appeal, a designer may choose not to limit excursions into innovativeness or appeal
to just the front, the side, or the rear. However, since this study focused on cars, it
has not been validated to generalize the results to other product or artifacts.
The two pilot studies in which EEG, GSR and FACET measurements were collected, provided a few insights on using these tools with car stimuli. This also helped
understand the challenges of using diﬀerent tools together in one study.For example,
the EEG headset is attached by a strap which sits right above the eyebrows of the
participants. Since FACET uses the movement of eyebrows to detect emotions, this
makes us question if FACET will interpret the correct emotion given the interference
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of the strap with the muscle movement that will be detected. The intention of the
pilot studies was to see which tools will help us to understand emotional content in
user response while viewing car stimuli.
This set of exploratory studies show that although psychophysiological measures
help us to gather additional data about the non-verbal user feedback, they may be
dependent on the ﬁdelity of the stimuli used. Eye tracking has proven to be the
most conclusive and potent measure for gathering non-verbal feedback. In a separate
study involving diﬀerent videos using for priming participants, it was observed that
the GSR or arousal data showed peaks when stimulating moving images were seen
on the screen. Here, the participants were looking at gray cars on a gray background
which were displayed on a computer screen. Such non-stimulating stimuli may not
be successful in eliciting strong emotional reaction from the participants. We cannot
conclude that the psychophysiological measures are not helpful in ascertaining user
feedback without conducting similar studies with stimuli of diﬀerent ﬁdelity, like
3D, real cars or virtual reality simulations of cars. Emotional reaction is driven by
experience and when the experience will feel more real to the participants, we will
be able to see stronger reaction, which may reﬂect in the GSR and facial expression
data.
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6. CONCLUSIONS
Understanding the user in an integral and very important part of the design process.
The research presented in this dissertation focuses on diﬀerent aspects of interaction
with the user during the design process. Engineers and designers can create enhanced
user experiences by better understanding their users, which includes a deeper understanding of their needs and enhanced assessment of their feedback. Understanding
niche user needs like dignity, empowerment and sense of security from the perspective
of multiple stakeholders, and addressing these while creating designs with a sense of
social responsibility, will help in creating more satisfying and enhanced user experiences. Using CDT and SCD in education as well as in industry will help in this
direction. Using psychophysiological and behavioral measures to assess the users’
unarticulated feedback will help in understanding their response in depth, in terms of
emotions or natural reaction to the designed artifacts. This helps in learning how the
user was feeling during the experience and this information can be used to improve
designs to enhance user experiences.

6.1

Summary
All the research work presented in this dissertation address diﬀerent aspects of

the main research question:
How can engineers and designers better understand their users to create designs
that aim at enhancing user experiences?
While the main focus has been to better understand user needs, I have also done
a few exploratory studies on better understanding user feedback. The work on Compassionate Design Thinking and Socially Conscious Design focuses on understanding
user needs and is summarized below.
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Compassionate Design Thinking has been developed by analyzing 12 design case
studies where the designers or engineers intuitively considered niche user needs like
dignity, empowerment and sense of security. They were sensitive to the needs of the
user and framed the problem based on their deep concern for the user. The case studies were iteratively analyzed using Interpretive Content Analysis by a team of four
researchers. Three case studies, the Jaipur Foot, the Berkeley Darfur Stove and the
GE MRI for kids laid the foundation of this work and have been explained in detail in
this dissertation. The analysis commenced without the preconceived themes and as
it proceeded, we were able to solidify the framework of CDT to the key themes of dignity, empowerment and security. These aspects of human experience are also related
to Maslow’s hierarchy of needs of esteem, belongingness and safety. Compassionate
design thinking addresses niche needs and involves a way of thinking where designers/engineers pay special attention to the users’ sense of dignity, empowerment and
sense of security. The CDT approach can be used in industry as well as to educate
future engineers. One of the ways to implement this is by using probes. As the name
suggests, CDT probes can be used for probing the thought process of the designer or
engineer. A preliminary version of these probes has been developed, which are a set
of questions. These are intended to be used as a guide in the design process. They
will not provide direct answers as the answers are dependent on the context, but will
help the designer or engineer to ask the right questions. Next, I wanted to explore
if personal experience makes a person more sensitive to the context and if that helps
them identify user needs from a CDT perspective.
A study was done to explore the role of experience in applying CDT. A group
of ten undergraduate students participated in this study, of which ﬁve had personal
experience with fracture in a limb and ﬁve had no experience.The design task was
stated as: “The design task is to come up with design solutions that can improve
the life a person while her/his hand(s) and/or leg(s) are in a cast or a sling”. The
task was intentionally open-ended so the participants would be required to frame the
problem. Problem framing is the main phase of the design process where employing a
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CDT approach can help to set the tone for the process.The results of the qualitative
analysis of data from this study showed thatthe experienced participants made more
references to all the categories which aﬀected user experience or user needs like their
dignity, comfort, happiness, safety, health, helplessness and empowerment. It was
also interesting to note that regardless of the experience, very few references were
made for categories like dignity. This supports the need for creation of some kind of
tool or probe for employing CDT, so that the designers can focus on such user needs
intentionally and not by chance.
Going beyond individual user needs, the designers and engineers should also be
mindful of the needs of the society as a whole. Socially Conscious Design was developed to study and implement the key ideas at the intersection of human social issues
and design needs into design education for future engineers, so that they can use these
in the design process to create better user experiences. We used the Delphi method
and three rounds of questions to uncover key ideas that lie at the intersection of
human social issues and design needs. The last round also focused on ways to teach
these ideas or topics inside and outside the classroom and evidence of successfully
learning the same. The study included a diverse group of 15 participants who are
experts in their ﬁeld and come from diﬀerent age groups, countries, and various educational and professional backgrounds.Most of the experts said that it was important
to teach the students ‘Social responsibility’, ‘Engaging with multiple stakeholders’
and ‘Seeing the world from diﬀerent perspectives’. They can be taught these topics
through case studies, projects, examples and real interaction with stakeholders. The
takeaway from the project was not just these techniques, but coupling it with how the
experts approached these topics based on their unique background and experiences.
The experts used stories and examples to illustrate how they approached these topics
but from their own vantage point. For example, one of the experts with a background
in fashion design and textile and apparel management talks about how students are
inclined to design high end couture bridal wear and how she has made changes in the
coursework to encourage students to consider designing for diﬀerent users, like people
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with special needs or transgender populations. She emphasizes that even introducing
these populations will open them up to new ideas. Since the participant pool is diverse, we can see how experts’ with diﬀerent backgrounds are teaching human social
issues and design needs to the students and implement a similar structure or format.
The richness in the data can be used to approach the design of the curriculum in
diﬀerent ways. The students should be taught that realizing two things will help in
creating better designs and hence better user experiences; one is realizing that the
designs we create have the potential to impact people’s lives in a positive and negative
way and the other is the realization that a design cannot be created with one person’s
perspective.
In addition to user needs, paying attention to user feedback is also important.
User feedback is typically assessed through surveys and interviews, where the user
expresses their feedback in writing on verbally. In order to understand the experience
of the user more deeply, we could assess their unarticulated feedback. Such feedback
can be assessed using psychophysiological and behavioral measures like eye tracking,
GSR, facial expression recognition and EEG. Exploratory studies were conducted to
determine which psychophysiological and behavioral measures are useful to understand user feedback. A study was conducted where participants assessed three views
of four diﬀerent cars and answered questions related to the overall appeal, sportiness,
innovativeness, luxuriousness, excitement and brand of the car. Eye tracking, GSR
and facial expression data were collected. From the observed results, eye tracking
data was conclusive and provided insight on which views of the cars received the
participants’ attention while they were making decisions. The data from GSR and
facial expression recognition was not conclusive. These measures assess the emotions
or feelings of a person during the experience. There were no strong trends or visible
diﬀerence in the data between diﬀerent stimuli, which could be a result of the weak
elicitation of emotional response to the 2D and gray stimuli. The ﬁdelity of the stimuli plays a role in how strong an emotion is elicited and hence detected. Though eye
tracking can be used to better assess user feedback, the same cannot be said about
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using GSR and facial expression with this exploratory study. The conclusion is that
the ﬁdelity of the stimuli plays a role in eliciting feelings and emotions of the user
and hence the other psychophysiological measures cannot be dismissed as not useful
without testing them with diﬀerent kinds of stimuli of diﬀerent ﬁdelity.

6.2

Vision and Potential Impact
There is potential for future work to further develop each of these projects in

diﬀerent directions. These projects were started with a vision and the next steps will
help them grow in that direction.

6.2.1

Compassionate Design Thinking

The vision for CDT is to be developed as an approach that can be implemented in
industry and also in education, such that it is embedded in the thinking of designers
and engineers while they create new designs. CDT will have a suite of diﬀerent tools
for implementation. One of these tools is a set of probes that will be used to probe the
thought process of the designers and engineers to guide them to ask questions that
aﬀect the users’ dignity, empowerment and sense of security. Currently, there is a lack
of speciﬁc mention of these niche needs and CDT will bridge that gap. Another tool
will be ‘priming’. A set of diﬀerent primes, including pictures, videos, Augmented
Reality (AR) or Virtual Reality (VR) stimuli can be used to prime the designers and
engineers before they frame the design problem. These primes will need to draw the
designers’ and engineers’ attention to the dignity, empowerment and security aspects
of human experience.
The impact of using CDT will be seen in designs that deliver fulﬁlling, humane
and satisfying user experiences by addressing latent and unarticulated user needs.
The long term impact of teaching engineers and designers to use this approach will
be seen as CDT cascades through diﬀerent industries, organizations and institutions
aiding the creation of more aware, complete and amazing user experiences.
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6.2.2

Socially Conscious Design

The vision for SCD is to be developed into realizable techniques that can be integrated into the design education for future engineers. When these students learn
the importance of social responsibility and understand the magnitude of social impact that their designs have the potential to bring, they will be humbler and more
conscious and aware of what they are creating. It will be equally important for them
to understand that they cannot design solo inside a box and need to design ‘for’
the stakeholders. When this is taught to them using experiential methods such that
they can internalize it, they will carry it with them in their professional lives and
it will reﬂect in the designs and enhance user experiences that they create for the
community.
The impact of using SCD in education for future engineers will be seen when these
engineers graduate and are able to seamlessly integrate stakeholders and diﬀerent
perspectives in their professional endeavors, while always being aware of their social
responsibility and potential for social impact.

6.2.3

Exploring Psychophysiological and Behavioral Measures to Understand User Feedback

The vision for this project is to be able to ﬁnd the strengths and weaknesses of each
of these measures for stimuli of diﬀerent ﬁdelity. With this information, the vision is
that we can pair the right kind and ﬁdelity of stimuli with the psychophysiological
measure that will help bring out the nuances in user feedback, that are not otherwise
noticed. For example, since VR experiences ‘feel’ very real, we can expect to see
strong diﬀerences in GSR response for a walk on the beach vs a roller coaster ride.
Integration of psychophysiological and behavioral measures with UX research can
help in understanding what the user is ‘feeling’, and why and how they are making
decisions.
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The impact of using psychophysiological and behavioral measures to better understand user experiences will help us in understanding nuances of user feedback in
ways that the users themselves cannot articulate. For example, the user may not
be able to tell exactly how they decided that a car was more sporty. But the eye
tracking data may be able to tell us which contour of the car they were focusing on
while making that decision. This can be coupled with facial expression and GSR data
to know what emotion they felt and how strong was the arousal or intensity while
they viewed diﬀerent features on the car.

6.3

Discussion: How does this research impact UX?
This section discusses how all this research work enhances the ﬁeld of UX. Creating

better and satisfying user experiences is a result of addressing user needs, articulated,
unarticulated and latent. User feedback, not only indicates the users’ impression of
the artifact but is also a way of assessing if the user needs are met.
CDT, SCD and psychophysiological measures address various facets of user experiences. The common theme that weaves across them is that they all help in getting
a deeper understanding of the users by understanding their experiences, emotions,
sensitive needs and their relationship with social issues. Diving deeper into how the
user is making evaluations helps in better understanding them. I will use an example
to explain how these diﬀerent facets are interconnected and reveal diﬀerent layers of
feelings and emotions. For example, we start with assessing user feedback through
surveys. When a person indicates that (s)he likes the design on a survey, we can inquire about ‘why’ (s)he likes it. This helps us understand the next level of feedback,
where the person may indicate that (s)he is ‘happy’ with the design and the experience, so (s)he likes it. On further asking ‘why’ (s)he is happy, we may learn that it
fulﬁlls a need of the person, like being aesthetically appealing or making her/him feel
empowered and secure. In this example, the second level of feedback that is relevant
to the emotion can be assessed by using psychophysiological measures. Delving one
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level deeper into it may reveal user needs, including the ones addressed by considering
CDT and SCD.
Hence, understanding (1)the deep seated needs of the users and (2)the emotions
of the users while they experience designs, which in turn indicate if the needs have
been addressed, will help in creating better user experiences which resonate with
the users. CDT helps to focus on niche user needs like dignity, empowerment and
security. SCD helps to bring the attention to user needs from diﬀerent perspectives
and consider social responsibility of the designs. Psychophysiological measures help
to consider ‘aﬀect’ of the users and assess their emotions while they evaluate designs.
Engineers and designers, in industry as well as in school, can use a combination
of these approaches and tools, based on the context, to design more meaningful,
satisfying and humane user experiences.

6.4

Future Work
In order to accomplish the vision mentioned above, there are many potential ideas

for future work. In this section, I’ll talk about the immediate steps in future work
that can be undertaken to move this research forward.

6.4.1

Compassionate Design Thinking

The ﬁrst version of Design for Compassion (DfC) probes have been created as
a list of questions to probe the designers and engineers to think about the dignity,
empowerment and sense of security of the users. These questions were used in an undergraduate mechanical engineering design class to test how the students understood
them. While some of the students used these for discussions, it was more challenging for others to understand how to use them. The next steps will be reﬁning these
probes by including some action words so the students know how to approach these
questions. Making the students understand that these are prompts for discussion and
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encourage them to not use these as yes/no questions will help in gathering feedback
on reﬁning the next version of these probes.
A within subject study has been done to see how priming aﬀects the motivation to
solve a problem and the ideation of solutions for the same. Two diﬀerent primes have
been used, a video and textual description about water shortages in Africa, followed
by questions about motivation and ideas for solutions. Eye tracking, GSR and facial
expression data have also been collected during this study. Preliminary assessment
shows a peak in the arousal of the participants when they are watching moving images
on the video. The next steps would be to see if there is a diﬀerence in arousal while
reading the text or watching the video and if this changes the motivation and quality
of solution ideas that follow.

6.4.2

Socially Conscious Design

The next step in this project would be to analyze the interviews of the experts
to gain a more holistic understanding of their perspective on teaching human social
issues and design needs. With this information and the results from the Delphi study,
the next steps will be to discuss and create modules to be implemented in diﬀerent
design courses. This can be tested in pilot studies and the modules can be improved
before a full scale implementation. Another step could be to teach such modules to
one cohort of students during their entire undergraduate studies. Then, it would be
interesting to compare them in their ﬁnal semester with students who were not taught
these modules. We may be able to see if teaching such ideas is inﬂuencing how they
approach problems or design problems, even for their senior design projects.

6.4.3

Exploring Psychophysiological and Behavioral Measures to Understand User Feedback

To further explore the use of psychophysiological and behavioral measures in enhancing our understanding of user feedback, the next steps would be to design studies
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where the same stimuli is created with diﬀerent ﬁdelities, like 2D, 3D, AR, VR, scale
model and real prototype and the user is asked diﬀerent questions like preference,
liking, money they might spend on it etc. Then, using psychophysiological and behavioral measures while participants evaluate these stimuli can help us to evaluate
which stimuli elicits the strongest responses for which kinds of questions. We may
also be able to recognize that it is diﬃcult to use some measures with certain stimuli. For example, using eye tracking with VR stimuli may be more challenging and
require special equipment. Understanding users’ psychophysiological and emotional
response and ﬁnding its relevance to their preferences may unravel how and why they
make certain decisions. This information, when fed back to the designers, will help
in informing their design choices and decisions.
CDT, SCD and psychophysiological measures, when used individually, enhance
the ﬁeld of UX research and design, but using these together along with existing
design approaches and UX techniques makes them a more powerful combination that
can help us to deepen our understanding of diﬀerent facets of the users. The valuable insights so gained can fuel the creation of more meaningful and satisfying user
experiences.

I’d like to conclude my dissertation with an inspiring quote. Maya Angelou
once said, “I’ve learned that people will forget what you said, people will
forget what you did, but people will never forget how you made them feel”,
so let us make an eﬀort to better understand our users and stakeholders,
and make them feel digniﬁed, empowered, and secure by creating fulﬁlling,
unforgettable and amazing user experiences.
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A. LIST OF VIDEOS FOR THE CASE STUDIES USED IN CDT

Table A.1.
List of videos for the case studies that were analyzed.

Case Study

Title on YouTube (except*)

Jaipur Foot

BBC Film on Jaipur Foot Part 1

Jaipur Foot

BBC Film on Jaipur Foot, Part 2

Jaipur Foot

India Jaipur Foot

SpeechVive

Reviving speech with a bubble of noise: Jessica Huber at TEDxPurdueU 2014

SpeechVive

Dr. Huber explains her inspiration for SpeechVive

GE MRI for kids

Transforming healthcare for children and their families: Doug Dietz at TEDxSanJoseCA 2012

Embrace baby warmer

Jane Chen: A warm embrace that saves lives

Lemon Tree Hotels

The Lemon Tree Initiative

Berkeley Darfur Stove

Ashok Gadgil - Darfur Stoves

Berkeley Darfur Stove

Darfur Stoves Project - KQED QUEST

LifeSaver Bottle

Michael Pritchard: How to make ﬁlthy water drinkable

Rabbit Ray

Compassion in design: Esther Wang at TEDxSingaporeWomen 2012

UV Waterworks

Ashok Gadgil, 2012 Lemelson-MIT Award for Global Innovation Winner

UV Waterworks

Ashok Gadgil and Vikas Garud - UV-light-powered water disinfection device

UV Waterworks

Ashok Gadgil & team - UV water disinfection device - Interview

Leveraged Freedom Chair

Amos Winter: The cheap all-terrain wheelchair

Fireﬂy Incubator

Timothy Prestero: Design for people, not awards

Roundabout Playpump

Playpumps-bring joy and access to clean drinking water

Roundabout Playpump

Frontline World Troubled Waters takes a second look at PlayPumps

Roundabout Playpump (on

http://www.pbs.org/wgbh/pages/frontline/teach/troublewaterﬂw/

PBS’ website)*
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B. AN EXAMPLE OF THE EEG DATA FROM A PILOT STUDY
USING IMAGES OF DIFFERENT CARS
An example of the EEG data is presented here, where the response of one participant
for how (s)he evaluated the appeal of each of the 12 cars (4 in each category: basic,
stylish and extreme) is plotted for averages of various EEG metrics like probability
of high engagement, probability of low engagement, power spectral density of alpha
waves and power spectral density of beta waves for the participant. Figure B.1 shows
that there is no trend between the EEG data and the responses. Similar lack of trends
were also observed for the other participants.

Figure B.1. EEG data for one participant evaluating diﬀerent cars for
‘Appeal’. The participant’s responses are on the x axis.
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C. EXAMPLES OF FACET DATA FROM THE STUDY USING
DIFFERENT CAR IMAGES
Examples of FACET data and plots are presented here. There is no noticeable change
in the expressions of the participants as can be seen by the examples presented in ﬁgures C.1 and C.2, which show the valence and emotion data for one of the participants
for one car.

Figure C.1. Example of FACET data for one participant for one car. Emotions depicted here: Joy, Anger, Surprise, Fear, Contempt.

Figures C.3, C.4 and C.5 shows diﬀerent representations of the FACET data,
either averaged per car, per person or irrespective of the car. There are no conclusive
trends in ﬁgures C.3 and C.4. However, ﬁgure C.5 shows a ‘U’ trend for negative
emotions and inverted ‘U’ trend for neutral emotions for sporty conservative ratings.
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Figure C.2. Example of FACET data for one participant for one car. Emotions depicted here: Disgust, Sadness. Valence: Neutral, Positive, Negative.

The same trend is also visible in the valence data of all the questions as seen in ﬁgure
C.6. The x-axis represents the rating whereas the y-axis represents the average time
percent that a valence was expressed for that rating, irrespective of the car. We
can see that the participants expressed less neutral and more negative valence when
they gave extreme (1 or 5) ratings to the stimuli car images. This is not statistically
signiﬁcant. Hence, it has not been further investigated.

184

Figure C.3. Example of FACET data to show the relationship between
sporty-conservative rating from each participant and percentage of time
the emotion was expressed, irrespective of the car.

Figure C.4. Example of FACET data to show the relationship between
average rating and average percentage of time the emotion was expressed
by all participants, for each car.
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Figure C.5. Example of FACET data to show the relationship between
average rating and average percentage of time the emotion was expressed
by all participants, irrespective of the car.

Figure C.6. FACET data that show the relationship between average time percent a certain valence (neutral,
positive, negative) is expressed and rating, irrespective of the car.
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